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Navy  Yard, 
fVasAington,  November  28, 1843. 

Sir  :  I  have  the  boiiK>F  to  report  that  the  experimeots  on  the  evaporative 
power  of  di&reot  coals^  which  have,  for  some  time  past,  beea  carried  on 
at  this  place,  were  concluded  on  the  18th  instant.  The  examination  of  the 
other  properties  of  the  same  materials,  by  such  practical  tests  as  can  be 
here  applied,  is  rapidly  approaching  its  termination.  The  chemical  analyses 
of  some  of  the  varieties  hitherto  operated  on  are  yet  to  be  performed.  The 
large  mass  of  facts  collected  during  this  research,  referring  to  numerous 
points,  and  all  of  which  are  important  to  a  full  comprehension  of  the  sub- 
ject, is  undergoing  the  examination  and  comparison  which  will  enable  me 
to  present,  in  a  final  report,  the  respective  and  comparative  yalues  of  the 
several  kinds  of  coal  for  the  different  purposes  for  which  fuel  is  employed. 

A  few  weeks  must  unavoidably  elapse  before  all  these  materials  can  be 
reduced  to  the  required  form,  and  furnished  with  the  necessary  drawings 
and  illustrations.  In  the  mean  time,  I  beg  leave  to  offer  in  this  preliminary 
report  some  general  statements  relative  to  the  origin,  purposes,  extent,  and 
character  of  the  researches  which  have  been  undertaken,  and  the  nc^ure 
of  the  results  to  be  deduced  from  tbeoL 

The  inquiry,  now  nearly  completed,  was  instituted  by  your  immediate 
predecessor,  the  Hon.  A.  P.  Upshur,  primarily  on  account  of  the  difficulty 
which  had  been  experienced,  and  tbe  complaints  which  had  been  mada^ 
relative  to  the  qualities  of  the  coals  procured  for  the  naval  service.  It  had 
been  found  that  articles  furnished  to  the  Grovernment  at  full  prices,  did  not 
answer  the  expectations  of  those  concerned  in  their  consumption.  While 
paying  the  highest  prices  for  fuel,  the  efficiency  of  our  steam  veesels  wae 
sometimes  impaired  by  its  inferior  quality,  and  the  large  amount  of  its 
impurity.  Some  few  experinaents  on  the  subject  had  previously  been 
msude  under  authority  of  naval  officers,  but  with  means  and  appliances 
little  calculated  to  aiford  the  desired  information. 
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It  was  evident  that  while  securing  the  primary  object — that  of  increasing 
the  efficiency  of  the  navy — the  investigation  must  inevitably  exercise  a 
salutary  influence  on  other  branches  of  public  defence,  and  be  more  or  less 
felt  in  many  important  national  interests.  The  possession,  by  any  country, 
of  a  resource  so  important  as  extensive  ^loposites  of  mineral  fuel,  may  be 
justly  regarded  as  an  object  of  pride  and  pleasure,  not  less  than  one  of  uni- 
versal interest.  In  some  countries  of  Europe,  it  is  well  known,  all  mines 
belong  to  the  public  domain,  even  when  found  under  a  soil  which  is  pri- 
valeiproperty .  Hence  they  are  developed  with  the  best  resources  of  scieiKe, 
managed  iinder  the  authority  of  special  laws,  and  husbanded  with  the 
greatest  care,  to  prevent  unnecessary  deterioration  and  waste.  The  Gov- 
ernment of  the  United  States,  though  not  possessing  this  direct  interest  of 
proprietorship  in  mines,  ba«  still  such  a  stake  in  the  value  of  their  resources, 
and  the  prosperity  of  citizens  more  immediately  concerned  in  making  them 
available,  that  the  least  which  could  reasonably  be  expected  of  it,  is,  to  aid 
in  some  measure  in  ascertaining  their  true  value.  The  department  accord- 
ingly issued,  about  the  middle  of  April,  1842,  a  notice^  inviting  the  propri- 
etors of  mines,*  and  others  interested  in  the  mining*  and  sale  of  coals,  to 
forward  to  this  place,  at  their  own  charge,  samples  of  their  respective  ma- 
terials—engaging, on  its  part,  to  cause  the  same  to  be  fully  and  impartially 
tested. 

The  question  of  the  value  of  coals  for  the  purpose  of  generating  steam 
is,  of  course,  mainly  dependent  on  their  heating  power;  that  is,  on  the 
weight  of  water  which  a  given  weight  of  coal,  burned  under  a  given  evap- 
orating vessel,  can  convert  into  steam,  white  undei^omg  combustion.  But 
this  is  not  the  only  circumstance  requiring  investigation,  in  order  to  deeide 
their  value,  even  for  the  purpose  of  sea-going  steamers. 

The  weight  of  a  given  bulk  of  each  coal,  in  its  merchaBtable  condition ; 
the  manner  in  which  it  burns,  whether  with  much  or  little  iame;  tbe 
amount  and  character  of  its  combustible  ingredients  ;  its  facility  or  diflkolty 
of  ignition;  tbe^perieotion  of  the  combustion,  or  the  proportion  of  the  wbote 
amount  consumed  to  that  of  the  combustible  matter  placed  upon  the  grate ; 
the  concentration  or  diffusibility  of  its  heat;  the  proportion  of  humidityi 
and  that  of  the  sulphur  which  it  may  contain,  with  the  consequent  liability, 
under  certain  circumstances,  to  undergo  spontaneous  combustion— ^re  aU 
feints  requiring  attentive  consideration .  In  addition  to  these,  we  have  the 
question  of  the  manner  in  which  each  coal  behaves  when  coining  to  the 
temp^ature  of  ignition ;  its  tendency  to  retain  its  original  form,  the  nature 
And  extent  of  change  when  any  occurs,  whether  by  simply  cracking  and 
dtoiRtegrating  into  angular  fragments,  or  by  enlai^ngthe  bnlk,  rounding 
away  and  obliterating  the  angles,  and  yet  not  agglutinating  mass  to  Boaas; 
Wy  finally)  by  wholly  changing  its  form  and  consistence,  swelling  to  a  great 
degree,  and  cohering  so  as  to  form  a  nearly  continuous  roof,  and  thus  im% 
pedifRg  the  passage  of  air  through  the  ignited  coal.  In  some  cases  the 
qMstion  of  the  amount  of  soHd  matter  which  accompanies  the  gaseous  pro«> 
ducts  of  combustion  in  the  state  <)f  smoke,  becoming  soot  upon  the  flues  of 
the  apparatus  in  which  the  combustion  is  conducted,  is  one  of  great  praoti<» 
eal  importance.  Of  these  incidental  questions,  the  amount  and  character 
mt  the  incombustible  ingredients  of  different  coals  is  a  point  eminently  de* 
serving  of  notioe.  It  indicates  the  deduction  which  must,  in  all  cases,  be 
made- from  the  heating  power  of  an  equal  weight  of  the  ooal,  considered  as 
pure  combustible  matter ;  it  shows  the  extent  and  kind  of  tabor  requisite  in 
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nnmaging  the  fltmace ;  it  irarnt  m  what  to  expeet  m  i^rll  to  the  dura* 
bility  of  grate  bars,  and  the  adhesion  of  scoriee  to  those  important  append- 
ages ef  the  farnace.  All  these  subjects  nrast  necessarily  engage  the  atten* 
tien  of  engineers  and  fiimace  managers,  and  no  little  portion  of  the  good  or 
bad  character  in  eoei  may  be  considered  to  depend  on  these  circumstances. 
The  relation  of  the  incombustible  ingredients  of  coal  to  each  other  is  often 
each  as  to  render  the  mixture  fusible  at  the  temperature  of  ordinary  far- 
df  ces,  or  at  least  to  be,  in  a  certain  proportion,  reduced  to  a  pasty  coherent 
mass  upon  the  grate,  impeding  the  passage  of  air,  leading  another  portion 
amitrified,  and  capable  of  passing  through  the  interstices  between  the  bars. 
For  different  coals  this  propo.rtion  is  very  different,  even  when  the  combos-: 
tion  is  condncted  as  far  as  practicable  in  the  same  manner,  and  with  the  same 
intensity  of  heat. 

In  fact,  there  is  scarcely  an  aspect  in  which  this  subject  can  be  viewed, 
whkdi  does  not  open  points  of  inquiry  and  comparison  of  the  greatest 
practieal  importance^  to  the  naval  service.  It  is  not,  however,  sol^y  with 
reference  to  their  evaporative  power,  or  their  use  under  steam  boilers,  that 
coals  are  of  importance  to  the  navy  of  the  United  States,  and  of  all  othet 
maritime  nations.  The  very  introdudtion  of  steam  machinery  into  the 
navy  has  largely  angmentcd  tbe  amount  of  workmanship  in  metals  de- 
manded for  that  branch  of  service ;  and  the  substitution  of  iron  for  wood 
in  the  vessels  tliemselves,  is  destined  vastly  to  increase  the  demand  for  such 
varieties  of  Aiel  as  are  best  adapted  to  the  various  metallurgic  arts.  {| 
was,  therefore,  evidently  proper,  in  directing  the  investigation  of  the  snb- 
je^  of  (he  evaporative  power  of  ooals,  that  the  department  shonld  requim 
(as  it  did)  the  researches  to  be  extended  to  all  their  applications.  By  insti- 
tuting inquiries  intended  primarily  for  its  own  nse  and  benefit,  the  Navy 
Department  will  have  incidentally  rendered  an  equal  service  to  many  im- 
portant branches  of  art  in  the  country.  By  inviting,  as  above  stated,  the 
proprietors  of  mines  to  furnish  their  respective  coals  for  trial,  it  afforded  to 
the  milling  interest  an  opportanity  of  ascertaining  the  relative  valtieof  their 
own  products,  as  compared  with  those  of  many  other  districts  and  of  foreign 
coantries,  and  especially  of  having  the  peculiar  adaptedness  of  each  to  its 
specific  object  clearly  designated. 

While  so  large  an  amount  of  both  labor  and  capital  is  embarked  in  the 
mining  and  transportation  of  coal,  and  so  many  branches  of  industry  d«^ 
pend  on  it  for  the  sncccssftil  prosecution  of  their  labors ;  while  so  much  of 
domestic  comfort  and  so  much  of  national  wealth  are,  even  now,  in  the  iit- 
fancy  of  our  mining  operations,  made  to  rely  on  this  material ;  and  white 
steam  navigation  npon  the  ocean«  and,  eventually,  that  upon  our  internal 
waters,  mtist  all  be  performed  by  its  aid,  we  are  warranted  in  the  asserfiott 
that  few  subjects  of  a  practical  nature  are  more  deeply  and  inrniediatety^ 
interesting  to  ibp  public 

In  this  view  we  are  sustained  by  observing  how  essentially  it  has  con^' 
tributed  to  the  power  and  influence  of  one  of  the  most  commercial  nations 
of  the  world.  The  coal  deposites  of  a  small  island,  which  would  itself 
seareely  cover  one  of  the  coal  fields  (>[  the  United  States,  Irave  aSbrded  t(M 
chief  means  of  carrying  her  conquests  to  the  remotest  parts  of  tlie  globe. 

(n  tfatt  view  of  the  value  of  eoal  formations,  wherever  they  may  ^sr,- 
it  was  evidently  important  to  decide,  by  direct  and  practical  tests,  the  cotn«> 
parative  nft^ulness  cf  American  and  foreign  coals,  as  well  as  the  relativ«r 
vatne  of  the  former  In  their  mimerons  varieties. 
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The  poini  of  greatest  intereit — the  heating  power  of  comboetiUe  bodies^- 
basy  heretofore,  been  sought  to  be  determined  b^  several  different  aiethods. 
The  standard  proposed  by  Lavoisier,  and  adopted  by  other  ehenistSy  was, 
the  weight  of  ice  melted  by  the  combustion,  either  in  atmospheric  air,  or  in 
pure  oxygen  gas,  of  a  given  weight  of  the  combustible  bedy.  The  heal 
becoming  latent  during  the  liquefaction  had  been  previously  asoertained. 
The  scale  of  experiments  conducted  on  this  principle  was  not  a  practical 
one;  small  specimens  do  not  always  faithfully  represent  large  masses; 
and,  in  addition  to  these  objections,  a  portion  of  the  ice  liquefied  was  liable 
to  be  recongealed  before  leaving  the  apparatus,  so  that  the  weight  of  watev 
collected  was  not  in  every  case  a  true  index  of  the  heat  imparted.  Groat 
discrepancies  occurred  in  the  results.  By  other  experimenters,  ineluding 
Count  Rumford,  the  mere  rise  of  temperature  in  water  has  been  employed 
as  a  standard  of  heating  power.  But  the  limited  range  of  temperature  to 
which  the  experiment  is  confined  requires  that  either  a  large  quantity  of 
water,  or  but  a  small  portion  of  fuel,  should  be  employed.  The  results 
would  also  fail  of  eliciting  some  of  the  important  characteristics  of  coal, 
which  can  be  fully  developed  only  after  a  continuous  action  of  some  bourS) 
and  the  use  of  considerable  quantities. 

The  standard  adopted  by  Mr.  Marcus  Bull,  who  some  yeaxs  since  gave 
to  the  world  a  valuable  series  of  experiments  on  the  heating  power  of  wood 
and  coal,  was  the  length  of  time  during  which  a  given  difference  could  be 
maintained  between  an  interior  apartment  in  which  combustion  was  con* 
ducted,  and  an  exterior  one  which  was  exposed  to  the  cooling  efiect  of  the 
surrounding  air,  by  the  consumption  of  a  given  weight  of  each  kind  of  fueU 

The  experiments  of  Mr.  Bull  were,  it  is  understcKKl,  generally  limited  to 
a  pound  or  two  of  each  combustible. 

The  mining  engineers  of  Cornwall,  and  other  parts  of  Great  Britain,  have 
formerly  used,  as  a  measure  of  heating  power,  the  weight  of  water  which 
eould  be  raised  one  foot  high  by  the  consumption  of  a  given  btUk  of  coal, 
when  burned  under  steam  boilers  which  supplied  the  pumping  engines  at 
their  mines.  This  standard  is  evidently  liable  to  the  objection,  that  it  com- 
plicates the  question  of  the  heating  power  of  coals,  with  that  of  the 
mechanical  structure  of  engines — the  production  of  steam,  with  its  mode 
of  application ;  questions  wholly  distinct  from  each  other,  and  requirtng 
independent  solutions. 

The  distinguished  mining  engineer,  Berthier,  of  Paris,  proposed  the  em« 
ployment  of  the  oxide  of  lead  as  a  material  from  which  to  objain  oxygen  to 
eflbct  the  combustion  of  different  substances,  and  made  the  weight  of  lead 
reduced  from  the  state  of  oxide,  hy  a  given  weight  of  each  combustible,  a 
standard  of  its  heating  power.  The  composition  of  the  protoxide  of  lead, 
or  litharge,  is  well  known ;  and  the  method  of  Berthier  takes  it  for  granted 
that  the  heating  power  of  combustibles  is  proportionate  ^  the  weight  of 
oxygen  absorbed.  The  weight  of  lead  reduced  thus  becomes  indirectly  the 
measure  of  heat  developed. 

The  Geraaan  and  other  European  chemists  have  sought  to  attain  a 
knowledge  of  the  heating  power  of  fuel  by  ascertaining  the  precise  chemi* 
cal  compoeition  of  the  combustible  portion,  and  thence  inferring  the  weight 
of  oxygen  which  must  enter  into  chemical  combination  with  it  during  com- 
bustion. To  supply  the  oxygen,  they  have  had  recourse  to  compounds 
which  yield  it  readily  and  in  sufficient  abundance— -such  as  the  oblorate  of 
potash,  the  peroxide  of  copper,  and  the  chromate  of  lead ;  but,  instead  of  col- 
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koetiog  the  pott8h>  oopp6r>  or  lead  redn^^  (which  would  be  impracticably) 
they  collect  and  weigh  the  gaseous  products  of  combustion — the  water  and 
carDonio  aeid;  and,  from  the  known  composition  of  these,  infer  the  weight  of 
oxygen  absorbed,  respectively,  by  the  hydrogen  and  carbon  of  the  fuel.  This 
it,  in  reality,  no  other  than  the  method  of  analysis  so  successfully  applied  of 
kite  years  to  discover  the  composition  of  organic  substances,  among  which 
coal  is  undoubtedly  to  be  ranked.  The  quantity  employed  in  analyses  of 
this  kind  seklom  or  never  exceeds  ten  grains.  None  of  the  above-described 
taietbods  appeared  to  fulfil  the  conditions  required  in  a  practical  determina* 
tion  of  the  evaporative  power  of  the  several  kinds  of  coal. 

Preference  was  therefore  given  to  that  which  had,  to  a  limited  extent, 
been  employed  by  Mr.  Fyfe,  of  Edinburgh ;  Mr.  Schauf  hauti,  Messrs. 
Parkee  and  Manby,  in  England  ;  and  by  Dr.  Dana,  Mr.  Hayes^  and  Mr. 
Francis,  in  this  country.  This  method  consists  in  burning  the  coals  under 
a  steam  boiler,  so  arranged  and  furnished  with  apparatus  as  to  be  capable 
of  complete  regulation.  The  water  delivered  to  the  boiler,  and  the  coals 
supplied  to  the  furnace,  are  determined  both  by  weight  and  measure. 

Thesapply  of  air,  the  rate  of  combustion,  the  pressure  and  temperature 
of  sleam,  the  proportion  and  character  of  the  products  of  combustion,  both 
&ied  and  volatile,  whether  left  on  the  grate  or  passing  through  the  flues, 
a«e  subject  to  careful  observation  and  experiment.  Here,  the  standard  by 
which  we  measure  the  heating  power  of  different  coals  is  the  weight  of 
water  whioh  a  given  weight  of  each  can  evaporate  from  the  temperature 
of  212^  Fahrenheit.  This  standard  is  probably  as  constant  as  any  in 
nature. 

.With  e2]E^i*tmefi/^  conducted  on  this  principle,  the  practice  of  generating 
beat  for  steam  navigation,  and  for  many  other  useful  purposes,  will  be  found 
to  correspond  in  all  essential  circumstances. 

The  number  of  samples  of  coal  on  which  trials  of  evaporative  power 
have  been  made,  is  forty-one. 

Of  these,  nine  were  anthracites  from  Pennsylvania,  viz : 

Two  from  the  Beaver  Meadow  miBes,sent  for  trial  by  the  Beaver  Meadow 
Railroad  and  Coal  Company ;  two  from  the  same  mines,  procured  by  the 
department  for  use  in  the  steamer  Union;  one  from  the  Lehigh  Coal  and 
Navigation  Company's  mines,  sent  by  that  company ;  one  from  '<  Lacka- 
wanna,'' sent  by  the  Delaware  and  Hudson  Canal  Company ;  one  from 
^  Peach  Mountain/'  Schuylkill  county,  sent  by  tho  Delaware  Coal  Company 
of  Philadelphia ;  one  from  Forest  Improvement  mines,  Broad  Mountain, 
Schuylkill  county ;  and  one  from  Lyken's  Valley  Coal  Company,  Dauphin 
county. 

The  mean  weight  per  cubic  foot  of  all  these  samples,  taken  in  the  state 
in  which  they  canoe  to  hand,  as  determined  by  actually  weighing  and 
raeaenring  the  whole  of  each  sample  at  the  time  it  was  burned,  was  found 
to  be  53.505  pounds.  They  are  all  characterized  by  retaining, their  form 
while  exposed  to  the  heat  of  ignition,  undergoing  no  proper  intumescence 
while  parting  with  the  small  portion  of  volatile  matter  which  they  contain, 
or  only  being  cracked  and  disintegrated  into  angular  fragments.  Their 
flame  is  generally  short,  of  a  blue  color,  and  consequently  possesses  hut 
liClie  iltuminating  power.  The  last-mentioned  coal,  however,  (that  from 
Lyken's  Valley,)  though  possessing  the  principal  features  of  anthracite,  also 
retains  more  than  the  usual  amount  of  volatile  matter,  gives  a  consider- 
able qoaiitiiy  of  lummous  flame,  burns  with  more  freedom  than  the  gener- 
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aftty  of  anthracites,  and  hence  conatitntes  a  proper  link  of  trandtion  to  iM 
next  class,  or  that  of  the  Jree*burninf  or  fsemi-bituminous  coah. 

Of  these,  twelve  samples  have  been  tried  for  evaporatire  power,  vis  : 

Six  from  Che  coal  field  in  the  neighborhood  of  Gnmberiand,  in  Mary* 
land,  embracing  one  from  Atkinson's  mines;  one  from  Neff^s  mines;  Xvm 
from  Elasby's  mine  called  <<  Coal-in-Store ;"  and  one  from  a  quantity  of 
^  Cumberiand  coal/'  purchased  for  the  use  of  the  navy  yard. 

Also,  six  from  Pennsylvania,  embracing  one  from  Karthans,on  the  wesf 
branch  of  the  Susquehanna ;  one  from  Cambria  county,  sent  by  J.  Brotheiu 
line ;  one  from  Lycoming  Creek,  sent  by  A.  Mclntyre,  from  near  Ralston, 
Lycoming  county ;  one  from  Blolssburg,  Tioga  county,  sent  by  the  Arbon 
Coal  Company,  J.  W.Johnson,  agent;  one  from  Quin's  Run,  CKnton  coun- 
ty, by  McDonald  &  Hatlenback ;  and  one  from  Dauphin  and  Sosqnehanna 
Coal  Company,  by  Isaac  Lea,  Esq. 

Of  these  coals,  the  mean  weight  per  cubic  foot  in  their  marketable  con* 
dition  is  52.844  pounds.  They  generally  ignite  readily,  bum  with  a  flam« 
of  moderate  length,  produce  considerable  intumescence,  and,  with  one  or 
two  exceptions,  but  little  agglutination  in  coking.  Their  respective  pecu- 
liar properties  will  be  understood  from  the  tables  and  explanations  here* 
after  to  be  reported.  The  form  of  masses  of  these  eoals  is,  in  some  oases, 
partly  preserved  in  the  coke ;  but  a  rounding  of  the  edges,  and  enlargemenc 
of  bulk,  clearly  distinguish  them  from  alt  the  anthracites. 

Th^  next  class  of  coals  is  that  from  the  bituminous  coal  fields  in  the 
neighborhood  of  Richmond  and  Petersburg,  in  Virginia ;  of  which  eleven 
samples  were  examined : 

Of  these,  four  were  from  the  Midlothian  mines,  (umished  by  the  Mid- 
lothian Coal  (yompany;  one  from  the  same  mines,  procured  for  use  in  the 
navy  yard ;  one  from  Crouch  &  Snead^  mines,  Henrico  county ;  one 
from  the  Chesterfield  Mining  Company,  Chestei^eid  county,  (formerly 
"  Blackheath  pits ;" )  one  from  the  Creek  Coal  Company ;  one  from  the 
Deep  Run  mines  of  J.  Barr,  Esq. ;  one  from  Tippecanoe  mines,  near  Peters- 
burg, P.  D.  &  F.  D.  Osborne  &  Co.,  agents;  and  one  from  the  Clover  Hill 
Company,  near  the  same  place. 

The  mean  weight  per  cubic  foot,  of  all  these  coals,  was  found  to  be 
49.276  pounds.  They  burn  with  a  long  flame ;  swell  considerably  on  being 
ignited ;  the  masses  cohere  and  form  a  coke,  in  which  the  original  form  of 
the  coal  is  wholly  lost.  They  correspond  in  many  particulars,  as  in  form, 
composition,  and  heating  power,  with  the  foreign  bituminous  coats;  of 
which  six  varieties  were  tried,  viz : 

One  from  Sidney,  Nova  Scotia,  sent  by  the  Cunard  Coal  Mining  Com- 
pany ;  one  of  Pictou  coal,  sent  by  the  same ;  also,  one  sample  of  Scotch, 
one  of  Newcastle,  one  of  Liverpool,  and  one  of  Pictou ;  all  procured,  by 
order  of  the  department,  from  Messrs.  Laing&  Randolph,  extensive  dealers 
in  coal  at  New  York. 

Of  these  foreign  samples,  the  weight  per  cubic  foot  is,  on  an  average, 
49.845  pounds,  corresponding  very  nearly  with  that  of  the  Virginia  coals 
of  the  preceding  class.  As  all  these  coals  are  found  more  or  less  exten- 
sively in  the  markets  of  our  Atlantic  chies,  it  was  deemed  expedient  to  give 
them  a  full  and  faithful  examination,  as  well  as  all  the  samples  sent  ^om 
the  difiiBTent  mines  in  the  United  States.  Being  among  the  most  celebrated 
varieties  of  coal  known  abroad,  they  often  claim  the  attention  of  American 
as  well  as  other  purchasers ;  and  being  of  well-established  character,  they 


will  aerve  usicommon  teroM  of  coQOpaiutoQ  b^tw^ven  the  Americ4Q  ftnd  sufb 
foreign  varieties  of  coal  as  are  not  represented  ia  this  series. 

The  coils  oi  th«  United  States  above  nani9d  are,  it  will  be  observed,  all 
from  the  eAatem  slope  of  the  AUc^ny  mountains*  The  two  following 
are  the  only  one9  from  the  western  coal  region^  or  great  Mi8si(3$ippi  basin : 

One  samfde  from  Cannellon,  Indiana,  about  one  hundred  miles  below 
Louisville,  Kentucky-*4i9nt  by  James  Boyd,  Esq.,  of  Boston ;  one  sample 
from  Hepp  &  Co.,  of  New  Orleans,  Louisiana — locality  not  yet  aaeer* 
tained. 

The  mean  weight  of  these  two  samples  was  found  to  be  47^93  pounds 
per  cubic  foot  They  burn  with  extreme  activity,  giving  a  long  flama,  and 
yield  a  l^ht,  friable  coke. 

Besides  the  above  classes,  one  sample  was  received  from  Messrs.  Deaton 
&  Barr,  of  that  singular  and  interesting  material  known  as  natural  ^'  coke,'' 
from  a  mine  of  recent  exploration  in  Tuckahoe,  Virginia.  Its  weight  per 
cubic  foot  was  found  to  be  4i.66  pouoda  Two  mixtures  of  anthracite  and 
bituminous  coal,  in  cerlain  proportionsi  and  two  species  of  coke,  (one  from 
the  MidJotbian  coal  of  Vbgkiia,  and  the  ottier  from  Neff's  Cumberland  coal,) 
were  also  tried. 

The  mean  weight  per  cubic  foot^  of  these  artificial  cokes,  was  found  to  ^ 
be  3)^57  pounds. 

The  aeries  of  experiments  on  evaporation  was  terminated  by  a  single 
tfial  of  the  effect  of  dry  pine  wood,  of  which  a  quantity  had  been  u^ 
daily  in  boating  up  the  apparatus  and  preparing  it  (or  the  reception  of  coal« 

On  each  sample  of  coal  were  made  from  one  to  six  trials,  according  to 
thequaocity  furnished.  Xbaj^i^icjpsumed  in  one  trial  never  exceeded 
1,567  pounds-^this  being  the  grea{^  quantity  which  the  apparatus  could 
xeceive  in  the  period  allotted  to  each  experimeni,  including  the  time  requi- 
aite  for  clearing  out  the  residua,  making  the  necessary  adjustments,  and  pre^ 
paring  for  a  new  trial  The  total  weiiiht  of  coal  consumed  in  the  triaU  of 
evaporative  power  has  been  nearly  60i  tons;  and  the  weight  used,  on  an 
average,  978  pounds  per  trial.  This  statement  may  be  sufficient  to  indi- 
cate  that  the  experiments  have  been  made  on  a  scsue  unobjectionable  on 
the  score  of  magnitude. 

The  experiments  on  evaporation  were  barely  commenced  in  the  autumn 
of  1842 ;  but  only  so  far  prosecuted  at  that  time,  as  to  test  the  working  of 
the  apparatus. 

They  were  recommenced  on  the  5th  of  April,  1843,  and  were  unremit- 
tingly prosecuted,  as  above  stated,  until  the  18th  of  the  present  month. 
Including  the  trial  of  wood,  the  whole  number  of  experiments  occupied 
144  days.  On  each  day  continuous  observations  were  made  during  a 
period  averaging  from  12  to  14  hours,  according  to  the  requisitions  of  the 
experiment.  In  the  mean  time,  trials  were  made  on  specimens  of  all  the 
samples,  to  test  the  results  of  Berthier's  plan,  as  compared  with  the  practical 
method  above  described. 

The  extensive  smith  shops  of  this  navy  yard  afforded  the  means  of  test- 
ing (whenever  the  amount  and  nature  of  the  sample  allowed)  the  character 
of  each  coal  for  the  working  of  iron. 

As  it  is,  however,  generally  very  difficult,  in  ordinary  smith's  work,  to 
establish  a  standard  of  effect  for  this  |ppUcation  of  coals,  the  observations 
must  be  mainly  confined  to  the  behaviour  of  the  coal  in  burning ;  the  kind 
of  fire  it  will  form,  whether  hollow  or  otherwise ;  the  amount  and  quality 
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of  the  cinder  it  will  leave,  and  its  effect  upon  the  iron  to  which  it  is 
applied. 

An  attempt  was  made  to  institute  in  the  chain-cable  shop  a  standard  of 
comparison  fbr  heating  power  between  the  sereral  coats,  by  employing  a 
given  weight  of  each  in  making  the  links  of  a  chain  of  given  size.  A  part 
of  these  trials  have  just  been  completed,  and  no  time  has  yet  been  allowed 
to  institute  comparisons ;  but  it  is  believed  they  will  generally  confirm  the 
results  obtained  by  evaporation. 

The  several  samples  of  coal  have  been,  or  will  yet  be,  analyzed  by  the 
ordinary  method  or  determining  the  relation  of  the  moisture,  sulphur,  fixed 
carbon,  gaseous  matter,  and  earthly  residua. 

A  number  of  the  samples  have  been  subjected  to  trial  by  the  organic 
method  already  alluded  to.  , 

To  give  the  entire  amount  of  information  which  the  research  was  in-* 
tended  to  elicit,  the  tables  of  observations,  with  the  accompanying  notes 
and  explanations,  aided  by  the  illustrations  now  in  progress,  will  be  found 
indispensable.  As  the  labor  of  experimenting  is  not  yet  terminated,  any 
attempt  to  give  a  precise  designation  of  the  rank  of  each  sample  might  not 
only  fail  of  its  object,  but  do  considerable  injustice. 

1  cannot  conclude  these  remarks  without  expresdng  the  high  satisfection 
which  I  have  felt  at  the  zeal,  ability,  and  assiduity  with  which  my  principal 
assistant.  Dr.  Henry  King,  has  seconded  all  my  endeavors  to  render  these 
researches  worthy  of  the  important  subject  to  which  they  relate,  and  worthy 
alike  of  the  acceptance  of  your  department.  To  the  other  assistants  and 
artisans  employed  in  the  labors  of  the  experiments,  a  like  tribute  is  due,  for 
the  intelligence  and  punctuality  with  which  they  fulfilled  the  duties  sever- 
ally assigned  to  them.  To  the  successive  commandants,  (Captains  B.  Ken- 
non  and  J.  H.  Aulick,)  with  the  other  officers  of  the  yard,  and  to  the  principal 
engineer  and  machinists,  justice  also  requires  that  I  should  express  my  ac- 
knowledgments, for  affording  the  needed  facilities  for  these  experiments^ 
and  promptly  seconding  the  views  of  the  department,  as  expressed  in  the 
instructions  given  at  the  time  of  their  commencement. 

I  am,  sir,  very  respectfully,  your  obedient  servant, 

WALTER  R.  JOHNSON. 

To  the  Hon.  Davtb  Hsnshaw, 

Secret  art/  of  the  Navy. 
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Navy  Department,  June  6,  1844. 

Sib  :  An  act  of  Congress,  approved  September  11,  1841,  ^'making  ap- 
propriations for  the  purchase  of  naval  ordnance  and  ordnance  stores,  and 
for  other  purposes,"  authorized  the  Secretary  of  the  Navy  to  apply  a  part 
of  the  sum  thereby  appropriated  to  the  purpose  of  making  experiments  in 
matters  connected  with  the  naval  service  and  the  national  defence. 

In  virtue  of  this  authority,  Professor  W.  R.  Johnson,  of  Philadelphia, 
was  empowered  to  institute  a  series  of  experiments  upon  coal,  on  which 
4luty  he  has  been  zealously  engaged.  The  result  of  his  labors  is  herewith 
communicated  in  a  large  manuscript  volume,  containing  the  report,  accom* 
panied  with  several  sheets  of  drawings  and  tabular  statements. 

The 'large  and  growing  interests  which  the  United  States  possess  in 
their  vast  coal  mines,  scarcely  yet  developed,  and  the  numerous  national 
^nd  domestic  uses  to  which  the  article  of  coal  is  applied,  will  justify  the 
length  of  time  necessarily  consumed  in  making  the  experiments;  and  the 
information  contained  in  this  report,  it  is  hoped,  will  be  found  to  compen* 
4sate  for  the  outlay. 

I  have  the  honor  to  be,  very  respectfully,  your  most  obedient  servant, 

J.  Y.  MASON. 

Hon.  W.  P.  Manoum, 

President  qf  the  Senate. 
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Washington,  June  3^  1844, 

To  the  Hon.  John  Y.  Mason, 

Secretary  of  the  Nany. 

Sir:  In  a  concise  preliminary  report,  which,  under  date  of  November  28, 
1843, 1  had  the  honor  to  submit  to  the  department,  I  took  occasion  to  ofier 
some  remarks  on  the  necessity  which  had  been  found  to  exist  for  procur- 
ing, by  experiment,  exact  information  as  to  the  adaptation  of  various  eoah 
to  the  purposes  of  steam  navigation.  I  referred  to  the  extensive  influ- 
ence which  researches  of  this  nature  exercise  on  the  general  system  of 
national  defences,  on  the  manufacturing,  mining,  and  commercial  inter- 
e^,  and  on  the  prosperity  and  domestic  economy  of  communities  hav- 
ing at  command  the  important  resources  of  mineral  fuel.  I  stated  the 
origin  and  progress  of  the  researches  which  had  been  undertaken  ;  point- 
ed out  some  of  the  general  purposes,  primary  and  incidental,  to  be  effect- 
ed by  the  inquiry;  referred  to  the  several  methods  by  which  experiment- 
ers had  heretofore  sought  to  determine  the  heating  power  of  combustible 
bodies,  and  indicated  the  nature  of  the  practical  standard  of  evaporative 
power  employed  in  these  experiments.  I  then  gave  a  classified  list  of  the 
coals  assayed,  designating  the  general  properties  of  each  class,  and  the 
names  of  the  parties*  furnishing  each  sample.  The  other  mfethods,  both 
practical  and  analytical,  which  were  employed,  in  addition  to  the  evapo- 
rative process,  to  determine  the  character  of  each  coal,  were  also  briefly  enu- 
merated. 

Since  the  time  of  making  that  report,  a  considerable  number  of  the  coals 
have  undergone  the  usual  analytical  processes ;  and  all  the  residua  of  the 
furnace  have  been  carefully  jexamined,  to  ascertain  the  proportion  of  com- 
bustible matter  which  they  contained.  In  order  to  present  in  the  most 
concise  form  all  the  information  which  the  experiments  were  designed  to 
elicit,  a  tabular  view  of  each  has  been  prepared,  faithfully  indicating  the 
mode  of  action  of  each  sample,  under  the  variations  of  treatment  to  which 
it  was  subjected.  From  a  careful  examination  of  the  several  tables  per* 
taining  to  each  sample,  a  series  of  deductions  is  obtained ;  and  a  separate 
table  embraces,  under  appropriate  beads,  the  results  of  each  experiment, 
and  the  average  of  the  whole  for  each  variety  of  fuel. 

A  description  indicating  the  origin,  specifying  the  external  characters 

*  A  few  inaccuracies  occurred  in  giving  the  names  of  persons  and  companies  forwarding  the 
coals,  which  I  would  here  correct : 

1.  One  sample  of  Cumberland  coal  was  sent  by  the  New  York  and  Maryland  Mining  Company, 
by  order  of  William  Young,  Esq.,  president  This  was  accidentally  omitted  in  the  pretiminary 
report.  • 

2.  The  sample  said  to  be  from  '*  Atkinson's  mines,'' should  have  been  from  Atkm$on  4*  Tern- 
pieman's  mines. 

3.  The  samples  of  Pictou  and  Sidney  were  sent  by  Mr.  Cunard,  agent  for  the  General  Minhig 
Association  of  London. 

4.  The  small  sample  sent  by  Hepp  &  Co.,  of  New  Orleans,  was  Pittsburg  coaL 
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aDd  internal  constitution  of  each  coal,  witti  an  account  of  such  experi- 
ments as  do  not  refer  to  evaporative  action^  has  been  prefixed  to  the  sev- 
eral tabular  statements  above  referred  to.  For  each  class  of  coals,  a  gen- 
eral synoptical  table  has  been  derived  from  the  averages  deduced  in  the 
manner  just  described.  From  these  synapses,  a  still  more  general  table  has 
been  prepared,  embracing  the  whole  series  of  coals  tried,  and  indicating  the 
various  characters  which  are  most  important  in  a  practical  point  of  view. 

From,  this  general  table  are  deduced  several  classifications,  according  to 
the  rank  tvhich  experiment  assigns  to  each  coal.  Among  the  important 
properties,  with  reference  to  which  these  classifications  are  made,  are  the 
weight  under  a  given  volume  of  each  kind  of  coal ;  the  facility  of  ignition; 
the  completeness  of  combustion  ;  the  evaporative  power  for  given  weights, 
and  that  for  given  bulks ;  the  amount  of  waste  matter  from  the  furnace^ 
and  a  separate  arrangement  for  the  proportion  of  vitrified  cinder.  All  these 
properties  may  be  combined  in  making  up  an  estimate  of  the  relative  val- 
ues of  coal  for  the  purposes  of  steam  navigation. 

A  tabular  view  of  the  proportion  and  characters  of  the  residua  left,  after 
burning  the  several  coals,  is  annexed.  A  number  of  other  tables,  relative 
to  distinct  classes  of  observations,  will  be  found  described  in  their  proper 
places.  Among  these,  one .  relates  to  the  velocity  with  which  the  gases, 
produced  bj  combustion,  traversed  the  flues  and  chimney  ;  others  mark 
the  influence  of  admitting  currents  of  air  to  mix  with  the  combustible  gases 
at  the  furnace  bridge,  and  distinguish  separately  the  economy  in  time  from 
thai  of  fuel,  due  to  such  an  arrangement.  But,  perhaps,  none  of  the  tables 
will  be  found  more  instructive  than  that  which  relates  to  the  composition 
and  heat-absorhiijg  power  of  the  gases,  drawn  from  the  flues  during  the 
combustion  of  numerous  varieties  of  coal. 

This  table  serves  to  show  how  large  a  proportion  of  atmospheric  air  al- 
ways passes  unchanged  through  our  ordinary  furnaces ;  and  more  particu- 
larly does  it  show  the  variableness  of  that  proportion  under  different  cir- 
cumstances of  the  combustion  ;  and,  what  is  of  not  less  practical  import- 
ance, it  enables  us  to  ascertain  what  proportion  of  the  heat,  actually  de-r 
veloped  by  the  combustion  of  fuel,  is  applicable  to  useful  purposes  in  the 
generation  of  steam,  and  how  much  is  inevitably  wasted  in  getting  rid  of 
the  products  of  cornbustion.  It  serves  the  further  purpose  of  determining 
the  relation  between  the  constitution  of  coals  and  their  efiective  heating 
j>ower ;  a  question  of  the  greatest  importance  to  all  who  are  concerned 
either  in  the  selection  or  the  use  of  fuel. 

The  general  arrangement  which  1  have  adopted  in  presenting  the  ma- 
terials of  this  report,  is,  after  a  few  remarks  on  the  prevalent  measures  of 
coal,  to  explain  the  several  kinds  of  apparatus  used,  either  in  the  analyses 
or  the  evaporative  tests  of  coal.  The  latter  will  be  found  to  embrace  a 
description  of  the  furnace,  with  illustrative  plans,  sections,  and  elevations ; 
the  construction  and  setting  of  the  boiler;  the  apparatus  for  supplying  it 
with  water;  that  for  drying  the  coals;  the  steam  gauge,  with  its  applica- 
tion ;  the  gauge  to  show  the  draught  of  the  chimney ;  and  the  apparatus  for 
testing  the  products  of  combustion. 

Following  the  description  of  apparatus  for  Ultimate  analyses  of  coals,  will 
be  found  some  experiments  to  test  the  relative  value  of  re-agents  generally 
employed  in  such  analyses. 

The  order  of  arrangement  in  describing  the  coals  follows  nearly  that  of 
their  freedom  from  volatile  matter,  and  is  substantially  the  same  as  was 
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laid  down  in  my  preliminary  report.  The  anthracite  class  is  made  to  em- 
brace the  samples  of  fuel  of  analogous  properties — such  as  "  natural  coke/^ 
artificial  coke,  and  mixtures  composed  of  four  parts  of  anthracite  and  one 
part  of  bituminous  coal. 

1.  Measures  of  coal. 

The  coal  bushel  in  England  was  formerly  "a  metallic  cylinder  19J 
inches  in  diameter  inside,  and  7i  inches  deep.  In  filling  it,  the  coals 
were  to  be  heaped  six*  inches  high  in  the  middle,  so  that  a  line  drawn 
from  the  apex  to  opposite  sides  of  the  bushel  would  be  11 J  inches  in 
each  direction."*  This  would  give  the  contents  of  a  bushel  of  coals  equal 
to  2,725.4  cubic  inches ;  while  the  bushel,  imperial  measure,  of  the  same 
country,  is  2,218.192  cubic  inches;  and  one  bushel,  Winchester  measure, 
is  2,150.42  cubic  inches. 

The  chaldron  of  coals  with  "  ingrain^'  measure  104,809.572  cubic 
inches;  and  without  "ingrain"  99,809.64  cubic  inches.  The  former 
would  be  38.45  bushels,  as  measured  in  and  on  the  cylinder  above  de- 
^ribed,  and  the  latter  32.95  such  bushels.  Eight  chaldrons  of  coal  in 
Newcastle,  are  equal  to  15i  chaldrons  in  London.  The  chaldron  in  New- 
castle weighs  53  cwt.;  and,  consequently,  in  London  it  weighs  27.35  cwt. 
The  same  authority  which  furnishes  these  data,t  also  apprizes  us  that  88 
pounds  of  coal  make  a  bushel. 

From  the  data  furnished  in  the  course  of  the  following  research,  it  will 
be  evident  that^  wide  diversities  exist  in  the  weights  of  given  bulks  of 
different  kinds  of  coal,  and  consequently  great  imcertainty  must  arise 
from  attempting  to  estimate,  by  bulk  alone,  the  value  of  any  species  of 
this  material.  It  was  not,  therefore,  deemed  expedient  to  introduce  any- 
thing in  relation  to  the  bushel  of  coals,  either  in  regard  to  weight  or  effi- 
ciency; but  to  reduce  all  measures  to  the  standard  of  a  cubic  foot y  in 
which  measure  the  contents  of  the  bunkers  of  a  steam  ship  are  readily  as- 
certained. 

2.  General  plan  and  arrangement  of  apparatus  for  testing  the  evapora- 
tive power  of  coals. 

The  apparatus  employed  for  this  purpose  is  represented  in  plate  ti,  fig- 
ures 1,  2,  and  3  ;  the  first  being  a  side,  the  second  a  front,  and  the  third  a 
rear  elevation. 

In  these,  as  well  as  in  the  several  longitudinal  and  transverse  sections, 
the  same  references  are,  as  far  as  practicable,  applied  to  the  same  objects, 
the  lateral  elevation  (fig.  1)  brings  into  view  not  only  the  brickwork 
of  the  stack,  containing,  as  seen  by  a  doited  outline,  the  boiler  B,  the 
water  tank  W,  the  intermediate  cistern  or  filling  apparatus  C,  the  two 
safety  valves  V  and  V,  the  drying  apparatus  K,  the  water  gauge  G,  but 
also  the  small  adjacent  apartment,  in  which  are  placed  the  manometer  or 
steam  gauge  M,  connected  with  the  boiler  by  the  iron  tube  /;  the  barome- 
ter &,  with  it3  attached  thermometer  i;  as  also  the  gas  drawing  and  ana- 
lyzing apparatus  placed  in  the  same  apartment,  including  the  chloride  of 


•  See  Treatise  on  Fowl  Fuel,  C?bllierie«,  and  the  Coal  Trade:  London,  1841— page  378. 
f  Grier's  Mechanic's  Pocket  Dictionary,  page  336. 
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calcinm  tube  n,  the  sulphuric  acid  and  asbestos  tube  o,  the  potash  tube  p,. 
the  second  chloride  tube  y,  the  receiving  jar  r,  with  the  arrangement  ror 
counterpoising  it  in  the  mercurial  bath,  and  the  graduated  jars  s,  s,  each 
furnished  with  a  stopcock,  by  means  of  which  it  can  be  brought  into 
communication  with  the  receiver  r,  in  order  to  receive  portions  of  the  gas 
drawn  from  the  chimney  to  be  tested  for  oxygen  and  other  materials. 
This  view  also  exhibits  the  two  gauge  cocks  c,  c,  the  dampers  cl  and  d\ 
of  which  the  former  is  represented  as  open^  and  the  latter  closed.  It  also 
exhibits  the  coimexion  between  the  safety  valve  V,  and  the  chimney  into 
which  the  steam  was  discharged  through  a  3-inch  tube  E  ;  and  the  ther- 
mometer,/, showing  the  temperature  of  steam  in  the  boiler. 

It  shoVs,  at  ffy  the  opening  of  the  iron  tube  in  which  is  inserted  the 
thermometer  for  measuring  the  temperature  of  the  air  on  arriving  at  the 

ffrate.  The  rear  end  of  the  boiler  (fig.  3)  is  seen  to  be  furnished  with  a 
arge  stopcock,  H,  for  discharging  its  contents ;  and  the  steam  drying^ 
apparatus  has  a  tube,  m,  projecting  through  a  partition,  and  discharging^ 
into  the  open  air  the  steam  which  has  traversed  that  apparatus. 

Three  sets  of  steps  are  seen,  of  which  the  first  leads  from  the  pavement 
to  the  platform  or  flooring  laid  over  the  brick  work  covering  the  boiler ; 
the  second  leads  from  the  level  of  that  platform  up  to  the  water  cistern^ 
W,  enabling  the  observer  to  read  the  scale  on  the  rod,  v,  and  to  note  the 
temperature  of  the  water  by  a  thermometer  kept  suspended  in  the  cistern ; 
and  the  third,  placed  in  the  office  where  the  manometer  and  barometer  are 
situated,  enabled  the  observer  to  read  those  instruments,  which  are  neces- 
sarily at  an  elevation  of  7  or  8  feet  from  the  pavement;  x,  x,  are  small 
puppet  vajves,  by  means  of  which  either  steam  or  water  is  allowed  to  es- 
cape from  the  water  gauge  G. 

The  height  of  the  chimney  to  the  top  oF  the  brick  work  is  4 1  feet,  and 
its  interior  is  18  inches  square;  or  its  cross  section  is  324  square  inches. 
The  sheet-iron  addition  is  22  feet  and  i  of  an  inch  in  height,  22.9  inches 
in  diameter,  and  its  cross  section  412.5  square  inches. 

In  fig.  2,  plate  ii,  is  seen  a  front  elevation  of  the  apparatus,  omitting  the 
manometer  and  the  apparatus  for  the  analysis  of  gases.  The  dotted  circle 
B  represents  the  outline  and  defines  the  position  of  the  boiler.  The  two 
cast-iron  plates  Ar,  k,  close  the  apertures  in  the  brick  work,  through  which 
the  interior  flues  are  reached  in  order  to  be  swept :  ?^  is  a  similar  cover  t(y 
the  side  flue  at  the  left  of  the  boiler  ;  and  to\  a  plate  closing  a  sweep-hole 
leading  into  the  chimney. 

gj  g\  and  A,  show  the  situation  of  the  winches  by  which  the  several 
stopcocks  (having  on  fig.  1  the  same  references)  arc  managed ;  /,  shows 
a  section  of  the  tube  leading  to  the  manometer ;  0,  is  the  air  port  through 
which  the  air  to  supply  the  furnace  entered  beneath  the  ash  pit,  to  find 
its  way  to  the  vertical  air  chambers  on  the  sides  of  the  stack,  thence  be- 
neath the  back  end  of  the  main  fire  flue  to  the  grate.  Just  within  this 
port  are  seen  thle  two  small  thermometers  e,  and  e',  the  latter  having  its 
bulb  extending  below  the  scale,  and  covered  with  a  moistened  cloth. 
These  two  constitute  the  dew-point  apparatus.  At  j^  and  fy  are  two 
openings  for  the  insertion  of  thermometers,  one  into  the  lower,  and  the 
other  into  the  upper  flue,  by  which  the  gases  found  their  way  into  the 
phimney. 

d  is  the  damper,  with  its  enclosing  cast-iron  frame,  by  which  the  pas- 
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sage  to  the  chimney  from  the  two  interior  flaes  ky  A?,  is  cut  off.    The  damper 
d'  being  drawn,  opens  a  passage  to  the  side  flues  opposite  to  w^ 

Between  the  two  plates  k^  k,  is  seen  a  section  i  of  the  tube  through  ' 
which  the  gases  were  drawn  after  having  passed  the  two  interior  return 
flues ;  y,  y,  are  the  fire  doors,  and  z,  z,  the  ash-pit  doors — all  closed  bs 
when  the  furpace  is  in  action.  L  is  the  small  subsidiary  furnace  used  to 
augment  the  draught  of  the  chimney,  its  ash  pit  opening  being  shown  in 
front  at  the  bottom,  and  its  damper  partly  raised  at  N.  The  water  gauge 
G,  is  seen  to  be  furnished  with  a  scale  which  was  divided  into  inches  and 
parts,  above  and  below  its  zero,  or  normal  level.  At  its  upper  and  lower 
extremities  are  likewise  seen  screw  nuts  n»  72,  by  which  a  ccrmplete  open- 
ing through  the  glass  tube  is  obtained,  allowing  it  to  be  readily  cleaned 
and  wiped  out.  The  remaining  letters  on  this  figure  have  reference  ta 
objects  corresponding  with  those  on  fig.  1.  In  both  figures  the  safety 
valves  are  seen  to  be  surmounted  by  spindles  or  rods  of  about  30  inches^ 
in  height,  traversing  guides,  and  supporting  circular  leaden  weights,  each 
weight  having  a  slot  by  which  it  can  be  placed  on  its  support. 

Fig.  3  is  fi  rear  view  of  the  apparatus,  showing  the  outline  of  the  end 
of  the  boiler  by  the  dotted  circle  B.  The  openings  of  the  interior  flues- 
ky  kj  and  the  exterior  ones  Wy  w'\  as  well  as  that  of  the  fire  flue  y\  are 
also  severally  indicated  by  these  letters.  The  drying  apparatus  K,  and 
the  discharging  cock  H,  the  steam  pipe  m,  from  the  drying  apparatus,  are 
referred  to  in  !he  above  description  of  fig.  1. 

Fig.  4,  plate  11,  is  a  vertical  cross  section  through  the  water  tank  W,, 
the  filling  apparatus  C,  the  boiler  B,  and  the  several  air  passages  and 
flues.  The  two  side  chambers,  by  which  the  air  finds  its  way  from  the 
front  to  the  rear  of  the  furnace,  are  indicated  by  5,  s;  its  return  to  the 
front  at  the  level  of  the  ash  pit  is  marked  by  z;  the  level  at  which  the 
thermometer  is  placed  to  show  the  temperature  of  the  air  on  arriving  at 
the  grate  is  marked  by  a,  though  the  tube  containing  it  would  not  be 
actually  cut  by  the  vertical  section  now  referred  to. 

The  thermometer,  marking  the  temperature  of  the  water  in  the  cistern 
W,  is  shown  at  t ;  w  and  w"  are  the  exterior  or  side  flues,  and  Ar,  Ar,  the  in- 
terior return  flues.  One  of  the  supporting  pillars  of  brick  (of  which  five 
were  placed  under  the  length  of  the  boiler)  is  seen  in  the  middle  of  the 
fl^c  Vy  Vi  which  is  the  main  fire  flue  beneath  the  boiler. 

The  two  dotted  lines,  o,  o,  atjd  71,  n,  mark  the  levels  at  which  the  hori- 
zontal sections,  figs.  2  and  3,  plate  iii,  are  respectively  taken. 

Plate  III,  fig.  1,  represents  a  vertical  longitudinal  section  through  the 
axis  of  the  boiler,  and  such  of  its  appendages  as  lie  in  that  vertical  plane. 
The  water  tank,  with  its  float,  the  filling  apparatus,  safety  valves,  water 
gauge,  drying  apparatus,  thermometer  in  the  steam,  and  pipes  for  the  dis- 
charge of  steam,  are  all  indicated  by  the  same  letters  which  have  been 
employed  in  describing  them  in  preceding  figures. 

in  addition,  this  section  brings  into  view  the  air  passage  at  the  level  of 
the  ash  pit  z,  towards  which  the  current  of  warm  air  is  represented  by 
the  arrows  to  be  flowing  from  rear  to  front. 

It  also  shows  the  position  of  the  grate  G,  and  the  air  plate  /?,  through 
which  a  part  of  the  current  of  air  is  represented  to  be  passing.  It  like- 
wise shows  the  subsequent  passage  of  the  products  of  combustion  beneath 
the  boiler  along  the  main  fire  flue  y,  in  which  the  pillars  of  brick  already 
mentioned  are  seen  at  y,  y,  y,  y,  q.    The  entrance  of  the  gases  into  one  of 
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the  interior  flues,  Ar,  is  marked  by  one  of  the  curved  arrows  ;  and  its  exit, 
on  its  way  to  the  upper  or  side  flue,  by  another.  The  position  of  this 
upper  flue,  where  it  crosses  the  rear  end  of  the  boiler,  is  seen  at  iv. 

At  i  is  seen  the  manner  in  which  the  small  iron  tube  [i)  is  inserted  into 
the  space  opposite  to  the  openings  of  the  interior  flues.  This  part  of  the 
apparatus  is  seen  enlarged  at  /',  where  the  enlargement  at  o  is  filled  with 
asbestos.  At  the  opposite  end,  the  chloride  of  calcium  tube,  r,  is  united 
with  i  by  the  usual  elastic  juncture.  At  a  is  a  cross  section  of  the  ther- 
mometer {a)  and  its  containing  tube.  This  section  showa  the  main  sup- 
ports of  the  boiler  to  be  the  fire-door  frame  at  the  front,  and  a  cross  bar  of 
cast  iron  (i/)  near  the  rear  of  the  furnace. 

Fig.  2,  plate  in,  is  a  horizontal  section  taken  a  little  above  the  level  of 
the  grate  at  the  height  indicated  by  the  line  o,  o,  fig.  4,  plate  ii,  exhibiting 
the  perforated  air  plate  at  the  furnace  bridge,  with  the  closing  plate  /?,  the 
air  passages  s,  s,  with  the  indications  of  currents  of  air.  The  position  of 
the  wet  and  dry  bulb  thermometers  in  the  opening  0,  beneath  the  hearth 
plate  in  front  of  the  grate  6,  is  indicated  by  the  dotted  figures  e,  e'.  The 
progrefjs  of  the  air  entering  below  the  hearth  at  0,  and  soon  after  turning 
to  the  right  and  left  through  passages,  indicated  by  the  arrows  gy  g,  g,  gy 
into  the  chambers  Sy  Sy  and  thence  passing  in  a  united  current  first  to  the 
front  beneath  the  floor  of  the  fire  flue,  and  then  through  the  grate  and 
above  that  floor,  as  denoted  by  th«  arrows^',  g'y  g'y  is  presented  to  view  in 
this  section.  The  dotted  figure  of  the  thermometer  a  is  made  to  repre- 
sent its  position  beneath  the  bottom  of  the  flue  y. 

The  interior  of  the  chimney  stack  is  seen  at  S,  and  the  several  brick 
supports  of  the  boiler  at  y,  q,  q,  q,  q. 

Fig.  3,  plate  iii,  is  a  horizontal  section  taken  at  the  level  of  n,  w,  fig.  4, 
plate  IT.  Besides  the  boiler  B,  and  its  interior  flues  Ar,  Ar,  this  section  shows 
the  upper  portion  of  the  air  chambers  Sy  s ;  the  thermometer  j'y  which 
marked  the  temperature  of  the  gases  escaping  to  the  chimney;  the  open- 
ings Wy  Wy  tv\  w"yby  whlch  the  upper  flues  and  the  chimney  were  reached, 
and  the  complete  circuit  of  the  air  in  five  diff'erent  directions.  This  last 
purpose  is  accomplished  by  means  of  the  difl^erent  degrees  of  strength 
given  to  the  lines  of  the  arrows,  and  by  the  number  of  accents  applied  to 
the  letters  attached  to  them.  Thus,  the  faintly  dotted  arrow  g  indicates 
the  current  as  flowing  beneath  the  fire  flue  to  reach  the  grate ;  g'y  g'y  the 
same  air  returning  along  the  main  fire  flue  to  the  back  end  of  the  boiler ; 
S"f  g"i  ^be  divided  current  traversing  the  two  interior  flues;  g"'j  the  cur- 
rent as  it  passes  from  the  two  interior  flues  into  the  upper  and  exterior 
flues,  which  it  is  seen  to  tiraverse  to  its  point  of  exit  into  the  chimney  S. 

3.  0/  the  boiler  and  iis  appurtenances. 

The  boiler  employed  in  these  experiments  is  cylindrical  in  form,  30 
feet  in  length,  3J  feet  in  diameter,  and  having  near  its  lower  arch  two  in- 
terior return  flues,  each  of  10  inches  interior  diameter.  The  heads  are  flat, 
of  wrought  iron,  and  are  securely  stayed  to  the  upper  shell  by  oblique 
bolts.  The  boiler  is  furnished  with  two  safety  valves  loaded  directly; 
that  is,  without  the  int^vention  of  a  lever.  £ach  valve  has  a  lower  base 
about  three  inches  in  diameter,  and,  consequently,  an  area  of  about  7 
square  inches.*     Of  these  two  valves,  that  represented  at  V,  fig.  1,  plate 

*  The  true  value  o(  the  lower  base  of  V  was  6.975,  and  that  of  V  7. 163  square  inches.     The 
upper  base  of  the  former  was  9.73  ;  that  of  the  latter,  9.62  square  inches. 


11      -  "    [  386  ] 

II,  near  the  front  end,  is  connected  with  a  tube  E,  for  the  escape  of  steam 
leading  into  the  chimney,  where  it$  orifice  is  turned  upwards. 

The  other  valve,  V,  is  connected  with  an  escape  tube  leading  to  the 
tjopper  drying  apparatus  K,  (fig.  1,  plate  in,)  and  thence  passing  horizon-, 
tally  through  the  side  of  the  building  into  the  open  air. 

At  M,  (fig.  1,  plate  in,)  is  seen  the  man  hole,  affording  admittance  to 
the  interior  of  the  boiler. 

At  Y  is  an  iron  tube,  closed  at  bottom  and  open  at  top,  to  contain  oil, 
and  in  which  is  placed  the  thermometer  /,  by  which  the  temperature  of 
the  steam  is  ascertained. 

At  /  is  a  wrought-iron  pipe  leading  from  the  steam  chamber  to  the  ma- 
nometer. A  stopcock  cuts  oflf,  when  required,  the  communication  be- 
twt^en  the  boiler  and  the  manometer. 

At  the  furnace  end  of  the  boiler  is  the  glass  water  gauge  G,  furnished 
with  stopcocks  to  cut  o6f,  when  necessary,  its  communication  with  the 
boiler. 

The  centre  of  the  water  gauge  is  6  inches  below  the  upper  interior  arch 
of  the  boiler. 

Near  the  water  gauge  are  placed  two  gauge  cocks,  c,  c,  (fig.  2,  plate  ii,) 
one  above  and  the  other  below  the  level  just  referred  to. 

At  its  front  end,  the  boiler  rests  on  the  cast-iron  frame  containing  the 
fire  and  ash  pit  doors ;  and  at  the  opposite  end,  on  a  strong  cast-iron  bar 
supported  at  its  two  ends  in  the  side  walls  of  the  furnace.  Besides  these 
two  principal  supports,  it  has  five  supports  of  brick,  4  feet  apart,  resting  on 
the  cast-iron  floor  of  the  flue  below,  each  of  the  size  of  a  single  bricic  laid 
flatwise  on  its  side,  and  lengthwise  in  the  longitudinal  direction  of  the 
boiler.  These  supports,  and  other  arrangements  in  regard  to  the  setting 
of  the  boiler,  will  be  understood  by  reference  to  the  vertical  longitudinal 
section,  fig.  I  ;  the  plan  fig.  2,  plate  in  ;  and  to  the  vertical  cross  section, 
fig.  4,  plate  II 5  in  all  of  which  they  are  designated  by  q. 

The  arrangement  of  the  several  flues,  and  the  directions  pursued  by 
the  products  of  combustion,  from  the  time  of  leaving  the  grate  till  they 
arrive  at  the  base  of  the  stack,  will  be  also  perfceived  on  examining  the 
same  fiigurcs,  together  with  the  plan  fig.  d,  plate  in,  taken  at  the  level  of 
the  upper  or  external  flues,  by  which  the  air  eventually  reached  the  stack. 

It  will  be  observed  on  the  transverse  vertical  section,  that  the  walls  en- 
closing the  fifrnace  and  boiler  are  double,  containing  between  them  air 
chambers,  *,  s,  running  the  whole  length  of  the  boiler,  and  serving  to 
oonvey  the  air  from  the  front  to  the  rear  of  the  structure.  Having  pjtssed 
along  these  two  chambers  in  a  divided  current,  and  become  warmed  by 
the  heat  passing  through  the  inner  walls,  which  are  13  inches  thick,  it 
turned  downward  to  the  level  of  the  ash  pit,  and  came  in  a  single  current 
through  the  passage  Z,  (fig.  4,  plate  u,)  immediately  beneath  the  main 
furnace  flue  y,  until  it  arrived  at  the  rear  of  the  grate.  Here  it  entered 
the  fire,  passing  either  wholly  through  the  fuel  on  the  bars,  or,  in  part, 
through  the  "air  plate^'  p,  (figs,  1  and  2,  plate  in.) 

Having  passed  the  grate,  the  air,  with  the  products  of  combustion,  first 
passes  horizontally  beneath  the  lower  arch  of  the  boiler  to  the  rear,  thence 
returns  in  a  divided  current  through  the  two  interior  return  flues,  k.  A:, 
(fig.  4,  plate  II,)  to  the  front ;  after  which,  it  either  passes  through  the 
opening  of  the  " /(m?er  rfam/?er,'^  rf,  (plate  ii,  fig.  2,)  into  the  chimney. 
or,  when  that  is  closed,  and  the  "  upper  damptr^^  d\  is  opened,  it  ascends 
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from  the  ends  of  tjie  two  return  flues  into  the  left-hand  exterior  flue  u>; 
passes  along  it,  in  a  united  current,  once  more  to  the  rear  of  the  boiler ;. 
crosses  the  end,  still  at  the  same  level,  and  enters  the  right-hand  exterior 
flue,  which  it  traverses  till  it  reaches  the  exit  flue,  by  which  it  finally  ar* 
rives  at  the  chimney,  s  ;  entering  the  latter  at  a  level  only  14  inches  higher 
than  when  it  passed  by  the  other  exit  flue  through  the  lower  damper. 

From  this  description,  it  will  be  observed  that  the  air  which  supplies^ 
the  combustion  passes  first  into  a  chamber  beneath  the  ash  pit,  about  7 
feet  long,  and  3  feet  3  inches  wide,  along  the  sides  of  which  are  sev- 
eral openings,  by  which  it  finds  its  way  into  the  two  longitudinal  sid& 
chambers,  30  feet  long,  6  feet  high,  and  9  inches  wide,  between  the  two 
side  walls ;  and  having  arrived,  by  these,  at  the  rear  of  the  boiler,  passes 
25  feet  beneath  the  flue,  arriving  at  the  centre  of  the  grate  after  a  course 
of  60.5  feet.  Thence  a  course  of  58.5  feet  brings  the  products  of  combus- 
tion to  the  aperture  through  the  passage,  by  the  lower  damper,  into  the 
chimney;  audof  62.5  feet  farther,  or  121  feet  from  the  centre  of  the  grate,  to 
the  point  where  they  finally  quit  the  boiler  by  the  exterior  flue.  The  part 
of  the  lower  arch  of  the  boiler,  exposed  to  the  action  of  heat,  is  130 
square  feet,  and  that  of  the  two  return  flues  is  1^7  square  feet;  so  thai  when 
the  combustion  was  conducted  by  allowing  the  products  to  make  their  exit 
through  the  lower  passage,  or  after  passing  twice  the  length  of  the  boiler^ 
the  heated  surface  was  2S7  square  feet  The  boiler  surface  exposed  in  the 
exterior  flue,  or  second  circuit,  is  90.5  feet ;  making  the  entire  surface^ 
when  the  products  traversed  four  times  the  length  of  the  boiler,  377.5 
square  feet.  The  grate  being  5  feet  long,  and  3  feet  3  inches  wide,  when 
at  its  full  dimensions,  its  area  was  16.25  square  feet;  and  the  ratio  of  the 
grate  surface  to  the  heated  surface,  when  the  combustion  was  carried  on 
through  the  lower  damper,  was  1  :  17.66  ;  when  through  the  upper  damper^ 
making  the  circuit  121  feet  long,  this  ratio  was  1  :  23.23. 

When  the  air-plate  bridge  was  introduced,  it  covered  8  inches  of  the 
length  of  the  grate,  reducing  its  area  to  14.07  square  feet,  and  increasing, 
the  ratio  of  heated  to  grate  surface  to  4^=  26.83  to  1. 

During  a  few  trials  the  grate  was  still  farther  reduced  in  area  by  the  in- 
troduction, at  the  front  end  next  to  the  fire  doors,  of  a  plate  of  iron  3  feet 
3  inches  long.  Hi  inches  wide,  and  one-fourth  of  an  inch  thick.  This  ia 
termefl  the  ^^  coking plate^^  and  was  used  while  burning  some  of  the  sam- 
ples of  bituminous  coal, 'which  were  so  fine  that  large  portions  were  liable 
to  pass  through  the  grate.  With  this  plate  in  place,  and  the  air  plate  in 
its  usual  position,  the  size  of  the  grate  was  reduced  to  11.375  square  feet^ 
and  the  heated  to  the  grate  surface  increased  to  ^Y/y^iz:  33.18  to  1. 

On  one  occasion,  instead  of  contracting  the  area  ot  the  grate  by  means 
of  the  coking  plate,  it  was  diminished  by  placing  a  row  of  bricks  flatwise 
along  each  side  of  the  furnace,  reducing  the  grate  surface  to  10.291  square 
feet,  and  the  ratio  of  heated  to  grate  surface  to  jy^/j-zz:  36.68  to  1.     *" 

The  grate  was,  in  general,  about  9  inches  at  the  front,  and  10  inches  at 
the  bacK  end,  below  the  lower  arch  of  the  boiler.  On  one  or  tvyo  occa- 
sions, however,  which  are  noted  in  the  tables  of  experiments,  it  was  va- 
ried a  little  from  this  distance ;  but  as  no  advantage  appeared  to  attend  the 
change,  it  was  restored  to  this,  as  the  most  convenient  working  distance 
for  all  the  varieties  of  fuel  employed. 

The  grate  bars  used  were  three-fourths  of  an  inch  thick,  and  the  spaces 
between  them  half  an  inch  wide.    They  were  supported  at  the  centre,  as 
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well  as  at  each  end,  by  a  cast-iron  bar  2J  inches  thick,  and  4  inches  deep. 
Hence,  when  the  grate  was  at  its  full  size,  the  total  amount  of  air  passages 
through  the  grate  was  nearly  5f  square  feet. 

TTie  interior  capacity  of  the  boiler  was  such  as  to  contain,  when  filled 
to  the  centre  of  the  gauge  tube,  or  normal  leyel  of  the  experiments,  with 
water  of  66®  temperature,  12,795  lbs.  This  is  the  result  of  an  experiment 
made  after  clearing  out  and  wiping  dry  the  interior  of  the  boiler,  and  re- 
'filling  it  through  the  measuring  cistern.  Of  this  quantity,  493  pounds 
were  then  withdrawn,  leaving  12,302  pounds,  filling  the  boiler  to  within 
1.1  inch  of  the  normal  level.  On  subsequently  heating  this  to  280°,  the 
water  in  the  gauge,  after  taking  all  due  precaution  to  withdraw  the  cold 
water  from  the  glass  tube,  and  filling  it  with  that  which  was  hot,  stood 
once  more  at  the  normal  level.  Hence  the  apparent  expansion  of  water  in 
iron  by  an  addition  of  164  degrees  of  heat,  is  equivalent  to  Tfl4i=0-^407, 
or  a  little  more  than  one  twenty-fifth  part  of  its  bulk  at  66/ 


Oft 


4.  Supply  of  water^ 

0 

The  supply  of  water  to  the  boiler  Was  etfected  by  means  of  the  apparatus 
mA  hand  gears  seen  at  c,  fig.  1,  plate  ii.  From  the  tank  or  cistern  W, 
tK^upper  stopcock  g  allowed  the  water  to  descend  into  the  intermediate 
small  iron  cistern  C.  Whon  this  cistern  was  full,  the  opening  of  the  cock 
h  allowed  the  steam  from  the  boiler  to  act  on  the  upper  surface  of  the  wa- 
ter in  C;  the  first  cock  g  being  then,  of  course,  closed.  The  opening  of 
a  third  cock  g%  at  the  bottom  of  the  cistern  C,  now  permitted  the  water  to 
descend  into  the  boiler,  jwhile  its  place  became  occupied  by  steam.  On 
closing  the^cocks  g*  and  A,  and  once  more  opening  the  upper  cock  g^  wa- 
ter instantly  followed,  condensing  the  steam  and  occup5ang  its  place. 
The  apparatus  was  then  in  a  condition  to  repeat  the  supply  whenever  the 
exigencies  of  the  boiler  demanded.  Whenever  a  set  of  observations  was 
iBade,  it  was  with  the  intermediate  cistern  C  full. 

The  large  tank  W  (which  was  5  feet  and  h  inch  on  one  side  of  its  base, 
4  feet  114  inches  on  the  other,  and  3 J  feet  deep)  contained,  when  filled  to 
its  usual  heightj-about  5,1 10  lbs.  of  water.  A  float  board  rested  on  the  sur- 
fkce  of  the  water,  and  carried  a  light  wooden  rod  v.  passing  through  two 
guides,  (as  seen  in  plate  ii,  fig.  1.)  On  this  rod  were  marked  the  weights 
of  water  contained  in  the  cistern  at  different  heights.  The  graduation  of 
this  scale  was  effected  by  actually  weighing  into  the  cistern  successiye 
portions  of  lOO  lbs.  of  water,  and  marking  the  point  indicated  on  the  rod 

*  Hie  olMervations  made  on  the  gradual  rise  of  temperature,  and  the  corresponding  weights  of 
ipater  wfaick  it  faad.tidLeii  to  ^  the  bQiler,  as  much  as  the  expansion  t>y  heat  now  did,  gave  the 
ijUowing  tabk: 

From  68^  to  1144°.  "^Is :  43^^  the  increase  was  equivalent  to  tliA  built  of  69  lbs.  at  39*,  or   1.42  lbs.  to  P 

U4i  to  149       «      34*^                       «*  «                SI    «             or   2.^5    «    to  I 

149    to  ISa       •«      31                            «*  "                 97   «*             or    3.13    "    to  1 

160   to  907       (»      27                            ««  "                 86    «             or   3.18   "    to  1 

207   to  223       *<      16                            «'  "                89    «'            or    5.56    "    to  1 

223   to  230       M       7                            •*.  "                 71    "             or  10.14    "    to  1 

This  great  increase  in  the  rate  of  expansion  of  water  above  the  boiling  point,  being  nearly  7^ 
times  as  great  in  the  range  of  the  last  7  degrees  as  in  the  first  stage  of  40^,  may  probably  possess 
•IMB9  interest  beyond  that  which  attaches  to  it  as  a  means  of  correcting  the  results  of  certain  obser- 
-vitions  taken  during  this  research.  The  subject  has  not,  to  my  knowledge,  attracted  much  atten* 
IkNn  among  experimenters.  It  will  be  remarked,  that  thk  rapui  augmentation  of  the  rate  of  dila- 
tation of  water  in  iron,  it  not  prevented  by  the  conversion,  at  the  same  time,  of  a  considerable 
^imftity  of  wiler  into  steam  of  a  high  denrity.  • 
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by 'a  fixed  brass  band  attached  to  one  of  the  guides.  This  weighing  took 
place  when  the  water  was  at  a  tempefatiueof  58^.  A  careful  re-exaoiinatioQ 
of  the  same  gauge,  when  the  water  weighed  was  at  66^, showed  that  within 
these  limits  no  appreciable  difference  of  measurement,  due  to  difference  of 
temperature  in  the  water,  could  be  found  while  filling  in  2,500  lbs.  of  water. 
The  expansion  of  the  materials  of  the  cistern  in  this  part  of  the  scale  was, 
therefore,  inferred  to  be  equivalent  to  that  of  the  water  which  it  contained. 

By  the  experiments  of  Count  Rumford,the  expansion  of  water  betweea  ^ 
the  freezing  point  and  the  highest  temperature  at  which  water  was  deliv- 
ered to  the  boiler  in  any  of  these  trials,  (say  about  SS°,)  is  only  7.65  parts* 
in  2,000,  or  0.3S  of  one  percent.  The  lowest  temperature  of  water  in  the 
tank,  which  will  be  found  recorded  in  any  of  the  tables,  is  40^ ;  near 
which  point  it  is  known  water  is  at  its  maximum  density ;  and  from 
which  point  to  60^,  the  expansion  is  also  known  to  be  no  more  thaa 
0.00008  of  the  whole  volume  at  the  former  temperature.  Hence,  foe 
all  temperatures  below  that  at  which  the  water  was  weighed  into  the  cis- 
tern, and  the  float  rod  gauged,  any  error  from  the  difference  of  tempera* 
ture  in  water  is  absolutely  insignificant.  In  order  to  bring  the  upper  part 
of  the  scale  to  aii  experimental  test,  I  partly  filled  the  ci9tern  with  water 
^t  40°  temperature,  until  the  gauge  rod  marked  3,700  lbs.  To  these  were 
add^d  successive  carefully  weighed  portions  of  50  lbs.  each  of  water,  a(  a 
mean  temperature  of  190°.  After  each  addition,  the  temperature  wasa^* 
certained  ^  the  water  being  first  thoroughly  mixed,  to  obtain  a  uniform 
teoiperature  throughout. 

After  the  tenth  addition,  the  temperature  was  exactly  58°,  and  the  gauge 
marked  accurately  4,200  lbs. 

After  the  twetitieth  addition,  the  temperature  stood  at  72°,  and  the  gauge 
marked  4,713  lbs.,  showing  the  expansion  to  be     ^^Vr  ^^  ^^e  whole,  or  ' 
0.276  of  one  per  cent. 

After  the  thirtieth  addition,  the  gauge  marked  5,221  lbs.,  and  the  tem- 
perature had  risen  to  82°. ^5.  Hence  the  dilatation  had  been  very  nearly 
0.4  of  one  per  cent. 

From  the  series  of  experiments  just  referred  to,  a  scale  of  co-efficients 
for  correction  was  constructed,  by  which  the  apparent  weight  read  upon 
the  gauge  rod  is  reduced  to  the  real  weight  of  water  which  passed  into  the 
boiler.  But,  as  already  seen,  no  correction  of  this  kind  is  really  needed^ 
except  when  the  temperature  exceeded  66°. 

'  The  following  table  shows  the  average  temperature  of  water  in  the  cis- 
tepn,  with  the  proportion  which  the  actual  weight  of  water,  in  each  case, 
bore  to  the  apparent  weight  delivered  to  the  boiler.  After  the  computation 
of  water  to  1  of  coal  from  initial  temperature  had  been  made,  this  correction 
was  applied,  and  furnished  the  line  numbered  40  in  the  tables  of  deduc- 
tions, and  styled  "  water  to  1  of  coal,  corrected  for  temperature  of  water 
in  cisternJ^ 
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Table  of  co^efficienta  for  correcting  the  weight  of  water  delivered  to  the 

^  boiler  4it  different  temperatures. 

Temperatore.  Hatio  of  actual  to  apparent 

weight  of  water. 

5§°  1.0000 

65  0.9985 

70  0.9977 

75  0.9969 

80  0.9963 

85  0.9957 

90  0.9953 

Small  afe  is  the  correction  required  by  the  cause  now  under  considera* 
tion,  it  has  not  been  deemed  expedient  to  omit  the  estimation  of  its  effi- 
ciency in  modifying  the  results. 

5.  Drying  apparatus  connected  with  the  steam  boiler. 

This  apparatus  had  for  its  object  the  determination  of  the  hygrometric 
character  of  the  several  coals  ;  and  from  this  the  loss  which  each  sustains 
in  combustible  matter  and  in  useful  effect^  from  evaporating  water  out  of 
its  own  mass,  instead  of  the  steam  boiler.  It  will  readily  be  perceived 
that  the  weight  of  water  in  any  species  of  fuel  is  far  different  in  its  influ- 
ence from  an  equal  weight  of  incombustible  earthy  residuum ;  for  the 
latter  merely  detracts  so  much  from  the  weight  of  the  raw  material,  while 
the  former  is  not  only  useless  in  regard  to  the  production  of  heat,  but  ab- 
solutely absorbs  both  the  latent  and  sensible  heat  of  steam,  and  carries 
into  the  chimney  not  only  as  much  heat  as  would  accompany  the  same 
weight  of  vapor  from  the  boiler,  but  also  the  sensible  heat  in  excess  above 
that  of  the  steam,  as  indicated  by  the  thermometer  which  marked  the 
temperature  of  the  escaping  gases.* 

6.  Of  the  manometer^  or  mercurial  steam  gauge. 

This  apparatus  is  seen  at  M,  fig.  1,  plate  ii. 

A  cast-iron  rnp  of  a  cylindrical  form,  half  an  inch  thick,  about  2  inches 
interior  diameter,  has  a  lid  of  the- same  material  and  thickness,  accurately 
fitted  by  grinding  to  the  upper  rim,  and  kept  in  place  by  a  pair  of  wrought- 
iron  stirrups  passing  under  the  bottom  of  the  cup,  and  retained  in  close 
contact  with  the  lid  by  set-screws  beneath  the  bottom.    Through  a  hole 

*  If  the  ratio  of  the  moisture  to  the  total  weight  of  coal  be  r,  and  the  ratio  of  the  ashes  be  o^ 
then  will  the  really  combustible  naatter  be  represented  by  1— a-r-r.  And  if  /  be  the  latent  heat  of 
vapor  at  213^,  /  the  temperature  at  which  the  fuel  is  supplied  to  the  grate,  and/'  that  at  which 
the  products  of  combustion  leave  the  boiler,  then  lr\-(t' — /)  will  be  the  whole  nurnbfr  of  dcfprees 
of  heat  absorbed  by  the  moisture  of  the  fiieC  and  r(/-|- (/'—/))  will  be  the  quanWy  of  heat  applied 

to  It,  and  which  is,  of  course,  so  much  detracted  from  the  useful  eflect  applicable  to  ^e  boiler. 
In  the  tables  of  deductions  aro  given  the  amounts  of  water  io  I  of  oombtuiwky  from  S12^.  The 
vffkfjtx  of  water  to  1  of  fuel,  after  deducting  the  aahet,  is  there  caloulnted  qn  the  mppootioD 
that  the  water  receives  only  latent  heat  If  w  be  the  tabular  weight  of  water  to  1  of  combustible^ 
then  ^isto  the  amount  of  heat  supplied  bv  one  part  of  coal,  including  its  moisture,  but  excluding 
the  ashes.     Hence  the  whole  quantity  of  heat  developed  and  applied  to  the  production  of  vapor^ 

by  one  part  of  the  fuel,  in  burning,  is  /b(l-a)H-r(/.f.(f-^))i  and  ^'^^"^^]j^^^~^ 
gives  the  quantity  of  beat  from  I  of  true  combusHbie, 
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in  the  centre  of  the  lid,  passes  a  glass  tube  open  at  bottom,  but  heirmeti- 
cally  sealed  at  top.  It  is  firmly  cemented  into  the  lid,  ifnd  descends  nearly 
to  the  bottom  of  the  cup,  through  the  mercury  therein  contained.  The 
cup  is  connected  with  the  top  of  the  boiler,  near  its  front  end,  by  the 
wrought-iron  tube  /,  about  15  feet  long.  This  tub^tra verses  a  board  par- 
tition, constituting  one  side  of  a  small  separate  apartment  or  office,  which 
consequently  insulates  the  manometer  and  other  apparatus  from  all  direct 
radiation  from  the  furnace. 

The  cup  rests  on  a  wooden  transverse  support  crossing  the  apartment. 
Attached  to  this  is  a  frame  supporting  the  scale,  of  boxwood,  on  which 
the  graduations  of  the  instrument  are^  placed.  On  one  side  of  the  tube  are 
marked  on  the  scale  the  heights  above  the  original  level  of  mercury  in 
the  cup,  expressed  not  in  inches,  but  in  parts  of  an  aimosphere  of  30 
inches  in  height.  On  the  other  side  is  placed  a  set  of  divisions,  com- 
mencing from  the  top  of  the  tube,  and  representing  equal  portions  of  its 
interior  capacity,  or  volumes  of  the  air  which  it  contains. 

A  thin  sliding  band  of  brass  embraces  the  scale,  and  carries  on  its  front 
a  ring  which  encircles  the  tube,  and,  having  its  upper  edge  on  a  level  with 
ihat  of  the  band,  serves  to  guide  the  eye  in  noting  the  level  of  mercury  in 
the  tube,  and  marking  its  correspondence  with  the  two  graduations  just 
referred  to. 

The  total  length  of  the  tube  is  32.25  inches.  Its  interior  capacity  was 
divided  by  filling  it  with  successive  equal  weighed  portions  of  mercury, 
and  marking  on  the  glass  tlie  volumes  thus  indicated. 

The  whole  tube  contained  10.9116  volumes;  and  when  first  inserted 
in  its  place,  it  was  filled  with  air  thoroughly  dried  at  a  temperature  of  39^^ 
and  when  the  barometer  was  at  30.03  inches. 

As  the  temperature  rose  with  the  advance  of  the  season,  the  expansion 
caused,  in  the  intervals  of  experiments,  three  successive  discharges  of  air, 
notwithstanding  the  column  of  mercury  in  the  cup,  which  was  1.127 
inch  above  the  lower  extremity.  The  first  escape  took  place  after  the 
firstday's  experimenting,  and  reduced  the  remaining  bulk  of  air  to  10.2433 
volumes  when  under  a  pressure  of  30  inches  of  mercury  at  32°. 

The  second  escape  took  place  after  35  days,  (that  is,  on  the  27th  of 
May,)  and  reduced  the  remaining  volumes  to  9.3038  at  the  same  pressure 
and  temperature. 

The  third  escape  took  place  on  the  16th  of  June,  in  consequence  of  a 
partial  vacuum  formed  in  the  boiler,  by  admitting  a  large  quantity  of  cold 
water,  after  having  blown  out  its  contents  for  the  purpose  of  cleansing. 
This  discharge  reduced  the  remaining  volumes  to  4.1624  at  the  temper- 
ature of  32°  and  pressure  of  30  inches.  It  placed  the  manometer  beyond 
all  danger  of  farther  loss,  and  the  bulk  of  air  remained  without  variation 
to  the  end  of  the  series  of  experiments. 

Near  the  manometer,  and  at  the  same  level,  was  suspended  a  barometer 
of  the  ordinary  construction. 

The  two  instruments  were  about  12  feet  above  mean  tide  water.  The 
barometer  had  a  thermometer  attached,  which  was  regarded  as  indicating' 
the  temperature  of  the  mercury  and  air  of  the  manometer,  as  well  as  of 
the  barometer  itself. 

As  the  iron  conducting  tube  /  was  carried  almost  exactly  on  a  level,  or 
with  a  slight  inclination  only  towards  the  manometer,  from  the  curved 
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portion  near  the  boiler,  it  contained  no  appreciable  head  qf  water  which 
could  sensibly  afibct  the  pressure  in  the  latter. 

The  water  within  it  remained  cold,  except  for  a  short  distance — say  2  or 
3  feet  of  the  portion  near  the  boiler. 

The  manometer  served  not  only  to  mark  the  variations  of  pressure  of 
steam  from  one  observation  to  another,  but  also  to  calculate  the  absolute 
pressures*  in  atmospheres,  as"  well  as  in  pounds  per  square  inch. 

»  ■  I  I     ■  r  I  .      .  1  .11  —         - 

*  To  «fiect  this  calcuiatioii»  ktp  be  tbe  obMrred  hmght  of  tho  bannneler  ia  parts  of  an  atmo- 
apbere  of  30  inches  of  mercuiy,  and  let  f/  he  the  equivalent  weight  or  hetght  of  oolunm  of  m«r- 
cuiy,  at  32<*. 

dnioo  toudof  expands  ^^^^th  part  of  its  Tolnnie  by  1^  Fahrenheh,  thare^e  will  p^^^p 

»ft4o  t7f-  -^g'^)^  ^  ^'^S  ^^  temperature  marked  by  the  attached  thermometer  at  the  time  of 

oboervation. 

The  mercury  descended  in  te  cup  of  the  manometer  ono-hnndredlh  part  as  much  as  it  ascend" 
ed  in  the  tube.     Hence  if  A  be  the  height  (^^  parts  of  an  atmosphere)  obserred  in  that  instrument, 

(9990  \ 

will  be  the  hei^  of  the  same  column  reduced  to  a  temperature  of  32^.  This  may  be  represented 
by  V. 

Whoa  no  steam  was  in  the  boiler,  and  its  interior  was  open  to  the  air,  it  is  evident  that  tho 
force  exerted  on  the  air  contained  in  the  manometer  was  equivalent  to  the  difference 


(9990        \      / 
■    -Q^v  ) — {  (A-f-.OlA) 
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X   (a55oX77I^22S^  /  '  '^^  quantity,  which  rqtresents  the  elastic  force  of  the  air  within  the 

manometer  when  unaffected  by  the  pressure  of  steam,  enables  us  to  reduce  the  observed  vdumes 
of  av  to  the  bulk  which  they  would  possess  under  tl^  pressure  of  an  atmosphere  of  30  inches 
of  mercury  at  38^. 

I.  Let  the  observed  volume  be  called  V,  Then,  as  at  the  temperature  t  it  will  be  greater  than 
at  32^,  its  bulk  at  the  latter  temperature  may  be  represented  by  V.     From  the  generally  received 

«p«««  of  MT  by  he-t,  y  =  K(^g5;^l_). 

8.  Having  obtakied  the  buik  and  elasticity  of  the  enclosed  air  at  32%  under  its  actual  tension, 
we  obtain,  by  the  well-known  law  o(  Mariotte,  its  volume  when  reduced  to  ^thc  tension  of  one^ 
atmo<yhere  at  the  same  temperature.    Thus,  1  :  // — hf  ::  V  -.  V  {j/ — hf). 

The  volume  thus  calculated  for  umty  of  pressure  and  a  standard  temperature,  may  be  compared 
with  the  volume  observed  in  the  same  mass  of  air  when  subjected  to  the  presBure  of  steam;  but 
it  must  first  be  corrected  for  temperature  at  the  time  of  such  obser\'ation.  Thus,  let  t  be  the 
temperature  of  the  attached  thermometer,  observed  when  the  manometer  is  subjected  to  a  pres- 
•ore  of  sleam)  let  H  be  the  height  of  the  column  of  merctury  simultaneously  observed,  and  o 
the  volume  of  contained  air  at  &e  same  time^  then  the  equivalent  of  H^  corretted  for  depression 
of  mercury  in  the  cup,  and  reduced  to  a  tempf^rature  of  39%  may  be  represeifted  by  IT,    And  by 

the  same  principle  as  above  adopted.  If  =  (if^-.Ol/^  X  (9990  1.(^^32) )' 

By  the  law  aheady  cited,  1/  «b  t>  f      '     ^ 32^/'  ^J^*''®  t/  is  the  volume  which  the  compieesed 

air  would  have,  if  brought  to  32®.     The  elasticities  being  inversely  as  the  volumes,  we  have 

Adding  to  the  last  nqsult  the  corrected  height  of  the  mercurial  column  /T,  we  obtain  V  yS—n — 

V 

-^  If  fcT  the  pressure  of  steam  in  atmospheres  above  a  vacuum.  Deducting  unity,  and  multi- 
fUjingbj  14.766,  (the  weight  in  pounds  avoirdupcHs  of  a  ootumn  of  mercury  having  a  base  of 
one  aqvare  inoh  and  a  height  of  30 inches  at  32^,)  we  have  the  pressure  of  steam  in  pounds  avomr- 
0hipoi»  aboiK  one  c^yno^phere.     Calling  this  pressure  F,  the  formula  takes  the  form— 


F«14.768  X  ((^''X^^^S+Zf-l). 


ne  fottowing  example  may  iHuetrate  the  application  of  the  above  formula,  bo^  to  the  findhig 
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It  has  not  b^n  deemed  necessary  to  calculate  every  obseri^alion  otpa^ 
lately,  but  only  to  give  the  mean  pressure  during  the  period  of  each  day 
in  which  it  was  ascertained  to  have  been  nearly  uniform. 

The  extreme  sensibility  an3  perfect  security  of  tlie  manoaieter  as  a 
measure  of  the  pressure  of  steam  in  a  high*pressure  steam  boiler,  as 
proved  by  my  own  experiments  both  before  and  since  the  commencameBt 
of  researches  on  coal,  and  as  well  under  more  than  200  pounds  to  the 

•f  the  iKAxoaae  of  the  inekidBd  air  TedK]«ed  to  tbe  atandasd  tmpecHMin  and  pieaauze,  and  to  the 

Mvmination  of  the  mean  preseure  of  steam,  in  atmoapherea  and  in  pounda: 

On  the  28th  of  June,  during  an  experiment  on  Beaver  Meadow  anthracite,   the  heigikt  of  the 

nercorial  column  in  the  manometer,  before  raising  steam,  was  .848  atmosphere,  the  correflpond- 

mg  r(Ammt8  of  air  7.08.     The  barometer  atood  exaodj  «t  30  incbee,  and  the  attacbad  HioiiDMn- 

9990 
cter  at  79<»;  or,  p  a  1.0000,  /— 32  =  47<>:  consequently,  ;>'=  ~  X  1  =99^4  =■=  the 

barometric  prcasure  reduced  to  32^.     h  sr  .848,  and  .01^  =  .00348;  so  that  A'  s  (A  +  .OU)  X 

(9990       \  9990 

99904-/— 32/  "^ '^^^  ^10037**  '^^^  =*  ^^  corrected  heiglit  of  mercury  ia  m^ioipoler. 

Hence  p'-^h^  —  .99534  -—.  34984  -» .  64550  » the  elasticity  of  the  included  air. 

480 
Fis  by  obaenration  7.08.     Hence  F'  —  7.08Xr^  —  6.4486  «.  the  bulk  under  the  same  t»r- 

aion  if  reduced  to  32^.     From  these  data,  1- :  0.6455  ::  6.4485  :  4. 1627.=  the  volume  of  incb^ed 

air  reduced  to  32^  and  30  inches,  or  unity  of  pressure 

During  the  progress  of  the  experiment,  the  period  of  steady  pressure  lasted  fVom  10  a.  m.  to 

S.30  p.  m.,  in  which  were  made  fiAeen  sets  of  observations.    These  give,  for  the  mean  tctnpeimttm 

•f  the  attached  thermometer,  81°  «-  T{  for  the  mean  height,  if—  .5958;  and  for  the  vopvi  vqI- 

ame  of  air,  v.  5.213:  consequently,    T— 32«49,  /f-f  Oli/— .54116,  and  £P-.  .54116  X 

9990 
' —». 53853*- the  corrected  height  of  mercury  in  manometer  for  this  period.     t/»5  2},3 

480 
X  iT^*"  ^'7301  mm  the  volyipjw  uiukr  the  seme  pres^uro,  had  thp  terapera;ture  bee&  8i2°. 

Agam:  as  r  (y/~^)-4.1627,  ^^  ^^""^^ -4»1627-f.4.73ai,  »  .8S00£;  to  which  add- 

ibg  H^  ->•  .53853,  we  obtain  for  the  total  pressure  of  steam  above  a  vacuum,  1.41855  atmoepberes. 
Bfllocting  unity  ana  multiplying  by  14-768,  we  get  6. 1812  pounds  as  the  mean  pmssoro  aboEve  «a 
atmosphrre  during  that  day*s  operations. 

It  is  to  be  observed  that  an  opportunity  was  not  every  day  aiTorded  for  verifying  the  true  volume 
of  ab  in  the  manometer.  The  boiler  often  contained,  in  the  mbrning,  steapi  of  considerable  temdon 
iKom  the  preceding  day's  operations.  By  means^  however,  of  verifications  made  on  seventoeo  dif- 
Ibfcnt  days,  after  me  16th  of  June,  it  was  ascertained  that  tlie  calculations  afforded  a  mc^  of  4. 1625 
M  ihe  volumes  of  the  remaining  air  under  standard  temperature  and  pressure.  It  will  also  be 
«olpdy  that  the  expansion  of  air  by  1^  Falirenheit  increase  of  temperature,  is  assumed  to  be 

fh  of  its  bulk  at  32^.     This  is  the  received  determination  of  Gay  Lussac,  Dalton,  and  Cach* 

IDQ*    The  more  recent  experiments  of  ^udberg,  Magnus,  and  Regnault,  concur  in  fijung  it  at 

d!Kmt  r^d  part  of  the  same  bulk.     A  few  of  the  observations  in  this  research  have  be«n  calcolnled 
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wcording  to  both  these  bases,  but  it  will  be  seen  that  the  differences  thence  resulting  are  practically 

■nhnpoftant. 

It  is  proper  to  state,  that^  in  calculating  the  bulk  of  air  in  the  manometer,  no  aocoi^it  has  beem 

taken  of  the  expansions  of  the  tube  itself;  the  reason  of  which  is,  that  the  quantity  would  have 

heen  too  nunnte  to  be  recognised  in  the  observations.     By  the  meap  of  ten  determinatioyht,  by 

Afibrmt  experimenters,  of  the  expansion  of  glass  by  heat,  its  increase  in  volume  by  an  augment- 

I  I 

^on  of  180<>  of  heat  is  equal  to  --- th  part  of  its  bulk  at  32<>;  and  this  for  1®  is  thpart. 

Tif  highest  temperature  obaerved  in  the  attached  thermometer  was  96^.  Hew^  the  psc^p^rt^ 
•f  the  iriiole  apparent  voKune  of  air,  which  amid  have  been  affected  by  this  c9M49  of  eQr()r»  uiii^ 

96 — 32         1 
hKfe  been  only  i-  TTofl*^  ^^  ***  ^^  ■*  ^^**  while,  during  the  progress  of  the  research, 

ffae  0b$ervaium$  took  cognisance  of  no  proportion  less  than  r^d  part  of  the  total  volume;  and  for 
%  great  pordon  of  the  time  it  was  but  about  five-ninths  of  this  amount. 
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^mce  ioehy  m  at  jtbe  very  moderate  presaures  hete  employed,  ittduoe  me 
<o  nQ0mV»/^vA  ita  general  adoption  for  Ateam  veaaels,  as  well  as  Yer  sta^ 
lionitry .  iMhrpivessuFe  steain  boilers.  For  this  purpose,  it  woald  prob^Uy 
b^  i^dvi^^^  to  ha;Te  Ura  glass  tuberi3e^exactly^  inches  aboTe  the  oirigiaai 
level  q(  n>c»rQt^r>y  in  the  fonntaia.  The  volumes  of  air  would  then  be 
jne^9vr^  m  paris  of  i^  atmosphere^  and  would  be,  in  every  instance,  the 
^ompiemint^i  thQ  height  of  ra^vcury  observed. 

As  the  f^ftaoMQeteir  can  be-  placed*  at  any  required  distaRce  from  th» 
boiler^  it  iv^yalvi^ys  be  made  convem^nt  fiir  the  inspection  of  the  su^ 
perinteodi^,  oar  o^^r  in  oammand ;  ah  adi^antage  seldom  posseesed  by 
Ihft  eomm^n  safety  valve^  or  othec  apparatus  for  iiuiicating  the  pressoie  of 
sleaniK 

The  baroiveter  and  thermometer  being  now  regarded  as  iDdispfflocabte 
to  the  na.vigator,  will,  of  course,  be  oonstaht  accompaniment  of  the  ma* 
nometer, 

7.  Of  the  syphon^  or  water  gauge,  J\rr  indicating  the  draught  of  the 

chimney. 

This  a|]fiafatus  is  seen  at  u,  fig.  2,  fdate  ri^  It  is  composed  of  an  in* 
v^rtad -syphon  pf  glass,  with  one  end  bent  at  right  angles,  to  enter  the 
ehtiimady  where  the  lower  escape  flue  enters  it  The  other  end  is  open  to 
the  estternal  air.  The  first  syphon  used  had  an  internal  caliber  of  onty 
^J9  incih.  Skihsequently^  however,  another  tube  was  substituted,  having 
a  bore  of  0.45  inch  in  diameter.  To  the  syphon  was  attached  a  scale 
divM^d  into  inches  and  tenths,  for  the  purpose  of  observing  the  difi^nrences 
o(  levej  ia  the  two  limbs.  The  indibations  of  this  gauge  represent  the 
^ifierenoes  of  pre^ure  within  and  without  the  chimney,  or  the  tendency 
ctf  air  to  eater  it  Water  is  about  837  times  heavier  than  air;  and^  con* 
seqiiisntly^ihe  Jiombers  in  the  colunanof  the  tables  headed  ^^Hei^  of 
water  in  syplK)fi/^  multiplied  by  this  number,  give  approximately  the 
tieight  of  a  column  of  ahr,  which  w^utd  balance  the  observed  coluian 
of  water.  This  is  the  head  of  pressure  of  air,  under  which  air  tended  to 
enter  the  chimney  in  consequence  of  the  rarefaction  of  the  gases  within, 
or  the  force  of  the  jet  of  steam  thrown  i^ito  it  from  the  boiler  hy  the 
escape  pipe  E.  Thus,  when  the  difference  of  level  in  the  twq  arms  of 
the  syphonlvas  0.5  inch,  the  headofpre^mre  of  air  was  0.3X8^7=251.1 
incdies,  or*  %OJQ%  feet  It  is  evident,  howewr,  that,  as  the  motion  In  the 
ftnes  ie  not  that  of  coJd  air,  bnt  of  air  greatly  rarefied,  the  same  head  of 
pjessure  will  represent  a  far  greater  velocity  than  would  be  givcfu  by  tho 
same  force  to  air  of  the  mean  density  of  the  atmosphere.  The  draught 
of  the  chimney  was  dependent  on  three  or  four  distinct  causes:  l.  The 
elevalifll  teiB|pecatttve  and  consequent  attenuation  of  the  gascfs.  This  was 
occasionally  as  high  as  400°,  but  generally  below  300°,  as  will  be  ob- 
served in  cdliamn  of  ^  Gases  entering  the  chimney.'*  0.  The  jet  of  steam 
from  the  boiler.  The  gauge  was  always  found  to  rise  wlien  the  steam 
CMQoe  to  escape  after  taking  the  weights  from  the  front  ^afbty  valve,  so  as 
to  throw  a  jet  in;tor  the  chimney.  3.  The  heat  of  the  small  furnace  L, 
figs.  1  and  2,  plat^  i%  This  furnace  was  used  for  some  of  the  experi- 
ments with  *litbarge^  and  was  particularly  beneficial  in  starting  the  fire, 
Md  foiagcft  pfQ«4>l  aotioft  wfailia  hMting  up  ^  boiler  in  the  iteming. 
4.  The  prevalence  of  eertmn  winds.    Cnring,  probaWy,  to  the  configura;, 
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Hon  of  the  grounds,  and  the  sitoatton  of  the  building  in  which  the  appa* 
ratus  W&8  placed,  the  prevalence  of  westerly  or  northwesterly  winds  wa9 
foifi^  to  give  a  considerable  angmentation  to  the  force  of  draught  This 
is  illustrated  in  table  LXIX,  in  whidi,  under  the  head  of  ^  remarks,'^  it  is 
stated  that  the  wind  was.  strong  from  the  northwest,  the  syphon  niarked 
sometimes  as  high  as  .48  or  .49  inch,  while,  on  the  four  other  days  on 
which  the  same  coal  was  burned,  with  the  wind  from  other  <]juarters,  it 
seldom  rose  so  high  as  .40  or  .41  inch.  It  does  not  necessarily  follow 
that  the  rate  of  combustion  is  proportioned  to  the  mere  force  of  draught 
as  measured  by  the  gauge.  A  variation  in  the  thickness  of  the  coal  on 
the  grate  may  present  at  one  time  far  more  obstruction  to  the  passage  of 
air  than  at  another.  The  observations  made  by  means  of  highly  bitumin* 
oils  coal  thrown  suddenly  on  a  bright  mass  of  ignited  coke,  noting  the  time 
in  which  the  smoke  arrived  at  the  top  of  the  chimney,  will  serve  to  indi* 
eate  the  real  velocity  of  current  in  the  flues  and  chimney. 

8.  Time  in  which  smoke  reached  the  chimney  top. 

While  the  chimney  was  of  the  original  height  of  41  feet  from  the  bot- 
tom, or  36  feet  from  the  centre  of  the  upper  flue  leading  from  the  boiler, 
the  trial  of  time  occupied  by  the  smoke  in  moving  from  the  grate  through 
the  upper  flue  to  the  chimney  top,  on  the  27th  of  May,  gave  as  a  mean 
result  21  seconds — the  horizontal  distance  being  127  feet,  and  the  vertical 
height  41  feet,  or  at  the  mean  rate  of  8  feet  per  second.  The  draught  gauge 
stood  on  that  day  at  a  mean  height,  during  steady  aotioo,  of  .2371  inch,, 
and  at  a  maximum  of  ,25  inch.    , 

After  this  trial,  and  previous  to  the  31st  of  May;  the  chimney  was  raised 
by  the  sheet-iron  addition,  22  feet  and  I  of  an  inch.  On  that  day,  obser- 
vations were  again  made  on  the  rate  of  motion  of  smoke.  It  then  took 
15  seconds  only  for  the  smoke  to  perform  the  same  circuits.  The  height 
of  the  draught  gauge  was  then  from  .41  to  .45  inch,  or  at  a  mean,  during 
steady  action,  it  was  .4053  ;  and  the  mean  rate  of  motion  was  12.66  feet 
per  second — Shaving  now  to  travel  190  feet  from  the  grate  to  tfie  point  of 

its  final  escape  into  the  air.* 

— . —  ■  ■       -     ■  ■     ■ .  ■  — — , , — — 

*  The  weight  of  a  cubic  foot  of  air  at  mean  preesore  and  temperature  ia  523  grains;  one  cubic 
ibot  of  water  weighs  I,O00  ounces  avoirdupois;  and  mercuiy  has  a  specific  gravity  of  13.568. 

B7  tfaii  relation,  it  appears  that  air  is  but  rrrth  part  as  heavy  as  water;  and  if  the  air  were  of  equal 

density  throughout,  it  would  have  a  height  of  27,807  feet  Under  a  head  of  37,807  feet  of  ita 
own  mass,  air  would  flow  into  a  vacuum  with  a  velocity  of  1,338  feet  per  second.  As  the  homo- 
geneous atmosphere  is  equivalent  to  407.04  inches  of  water,  the  velocities  under  the  following 
heists  in  the  83rphon  ought  to  be  as  follows,  according  to  ^  well-known  law  which  governs  the 
movement  of  fluids : 

Height  of  water  in  syphon.  VelocUy  ofjhw. 

.  10  inch,  .....          6.682  feel  per  secodd. 

.15     *«  .            -            -            -             -          8.122  " 

.20     "  -            -            -            -            -          9.379  " 

.25     "  -            «            -            -            -  10.486  •* 

.30     "  -            .             .            -            •  11.486  «< 

.86     " ia.407  " 

.40  ««  -     -     "            -     -  13.264  ** 

.45  "  -     -     -     -     -  14.068  " 

.50  *«  -     -     "            -     "  14.829  ** 

.55  *« 15.668  «• 

Hie  table  leferrod  to  in  the  text  abc»te,  will  ftmuih  many  opportimiti«B  t£  aMtrtaiiiiiig  horn 
■iariy  tt^  calculirtpd  mod  the  obsanned  TelocitieB  approiiaftte  eadi  othtt. 
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Anezttnanre  seriM  of  tbe  obtenratioos  ma^t  eothis  subject  wtU  b« 
Xamid  at  table  CXCUI. 

9.  On  the  measure  qf  kecking  power^ 

The  practical  measure  of  heating  power,  which  I  have  adopted  in  the 
€|xperioieats  mainly  relied  on  in  this  research^  aiHl  which,  by  way  of  dis» 
tinction,  is  called  evaporative  pawer^  is  based  on  the  known  qiumtity  of 
heat  which  water,  raised  to  the  boiling  point,  requires  in  order  to  conTefC 
it  into  steam. 

This  quantity  I  have  taken  to  be  1,030^  Fahrenheit,  (572|  centigrade^) 
according  to  my  own  determination  made  some  years  since.^ 

It  is  obvious  that,  as  all  the  varieties  of  fuel  are  referred  to  one  and  the 
same  standard,  it  is  not  material  to  the  justness  of  the  comparison  whether 
one  determination  or  another  of  latent  heat  be  adopted.  I  have  preferred 
the  one  above  mentioned,  because  I  know  exactly  the  means  and  precao* 
lions  which  were  used  in  obtaining  it 

|0.  Of  the  correctiane  required  in  appfying  the  atandard/or  determMng 
the  relative  evaporating  powers  qf  different  eoaie. 

Having  ascertained  the  number  of  pounds  of  water  which  have  been 
supplied  to  the  boiler  during  the  continuance  of  the  combustion  of  any 
known  weight  of  coal,  it  might  seem  an  easy  problem  to  decide  the  eva^ 
orative  power  by  dividing  the  former  quantity  by  the  latter. 

Several  circumstances,  however,  require  to  be  considered,  and  their  dis- 
iinci  eSeets  cmnputed,  before  we  can  arrive  at  a  just  conclusion. 

1.  The  water  delivered  to  the  boiler  was  not  always  at  the  8am9  tem- 
perature, and,  consequently,  different  quantities  of  sensible  heat  were  re« 
Suired  to  be  added  before  it  could  begin  to  be  converted  into  eteaoL  The 
ifferences  of  temperature  during  the  same  day,  and  in  the  soocessive  per* 
tions  of  water  used  in  any  one  experiment,  generally  amounted  to  but  a 
fewdegcoes.  But^^in  the  course  of  nearly  eight  months,  the  extremes 
were  40  and  SS^. 

S.  It  frequently  happened  that  the  experiment  was  terminated  by  filling 
up  the  boiler  with  cold  water  after  the  fire  had  become  extinct,  and  When, 
consequently,  the  temperature  of  the  steam  had  fallen  considerably  below 
that  due  to  the  pressure  generally  maintained.  In  these  cases,  it  is  evi^ 
dent  that  the  latter  portions  of  the  vaporization  must  have  taken  pboe 
from  water  already  raised  to  the  temperature  of  the  steam  itself,  (gen* 
erally  about  230^,)  instead  of  that  of  the  water  in  the  cistern,  which  was 
at  some  point  within  the  limits  above  named.  Hence  it  is  necessary  to 
calculate  how  much  less  water  would  have  been  evaporated,  had  the  sup^ 
plying  of  cold  water  continued  till  the  heating  power  of  the  fuel  was 
exhausted  and  the  safety  valve  closed. 

3.  As  the  water  supplied  to  the  boiler  at  the  conclusion  of  an  experi- 
ment was  coldy  it  often  reduced  the  contents  of  the  latter  to  a  temperature 
below  that  at  which  the  0  on  the  water  gauge  had  been  adjusted  ;  and,  as 
it  seldom  happened  that  on  two  successive  days  the  temperature  of  steam 
and  water  in  the  boiler  at  the  beginning  of  experiment  was  exactly  tho 

—1^1 1 J _^  .     -  _  .  1 l_fc-  --  I  -  ~"  •"  "  ^-^— ^-^—— ^^— — ^^^^-^— ^ 

,    *  See  Re|Kurt  on  Strength  of  Materials  tot  Steam  Boilers. 
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•iiM,  it  bectHM  mttwiiffy  m  aooerUki  die  expnturidn  ^f  ttrnt^hi^ttm^  itv 
order  to  know  when  the  requisite  weight  had  been  added.  P#r  thi#  fw* 
pose  many  sets  of  obseiTations  were  made  on  the  gradual  heating  of  the 
water  from  different  low  tempevatures  up  to  the  usporal  point  at  which  erap* 
oration  was  carried  on.  These  series  of  observations  enabled  me  to  ascer* 
latn  that  the  same  weight  of  water  was  in  the  boiler  «t  Dhe  end  as  at  Ihe 
begifMiiag  of  an  experiaMQt  Tbia  subject  has  alread j  been  treated  #fV 
>«hile  speaking  of  ^e  boiler.  The  correctioo  for  diffifeiiq^of  teeopeta^ 
Iwpe  of  water  in  ihe  hoiler  iwas  further  fttcilitaHed  by  loany  obsem&tioAa 
on  the  rise  of  water  in  the  gauge  by  given  weights  supplied  frcrfn  Ihe 

11.  ^^pfmratxa  far  ie9UHg  ike  products  of  €ombii$ti0n. 

Inorder  tD  form  a  tolemMy  correct  judgment  of  the  degree  of  perfeo* 
ttOD  <wkh  wliioh  kiel  is  farurnedy  and  its  available  lieat  •applied,  it  is  n^Kiee*^ 
sary  to  study  with  attention  the  nature,  condition,  and  prop#rtie4i8  of  thie 
products  of  combustion.  Among  the  solid  products  are  soot,  or  finely 
iJMkeA  «at1>on,  carbonate  of  ammonia,  and  sulphate  of  afmnoniek ;  all  oF 
which  may  bfe  oocasionalty  found  coating  the  flues  and  -diitniiey  in  greater 
or  less  quantities,  according  to  the  nature  of  the  coal,  and  the  mode  of 
effeotiag  its  combustion. 

Aniong  the  priaelpal  gaseous  products  are  watery  vapor,  «ati>otiic  wdiy. 
«ttd  'nitrogen  mixed  with  uncbaiiged  atmospheric  air.  Not  txtly  is  ii 
necessary  to  destearmine  whether  the  combustible  parts  of  the  i%el  have 
been  Atily  combined  with  oxygen  of  the  air,  and  hare  thus  produced  their 
greatest  healiag  effect,  but  abo  whether  ttie  air  itself  harre  found  its  t^ay 
ta  tfmiarBaoe  in  excess,  and  been  heated  at  the  expend  of  the  fuel,  with- 
omi  comrrltuting  anythiug  to  its  useful  effect. 

In  order  to  aocomplish  this  purpose,  the  apparatus  seen  at  n>  o,/»,  a,r> 
Ayi^f^  .l,pbte  II,  and  partly  exhibited  at  tin  the  seotioaal  fig.  l,  plate 
Bi^«#ae devised.  This  consisted  of  a  wrought4ron' tube  t,  penetrating 
k».tha  floe  a1  the  point  where  the  gases  made  their  exit  lirem  the  two  in* 

*  HlYUig  oteaioed  the  wotg^  of  5R«ter  ^  1  of  coal,  from  the  initnl  t«9^|Mnt«ra,  this  ^usnti^ 
9»ij  be-ciJled  u^  /  the  mean  temperature  at  v^iich  it  was  detivered  to  the  boiler,  dttlved  firom  the 
tolumii/of  *' tempercUure  of  water  in  tan^,^^  may  be  called  t ;  for  this  temperature  a  co-efficient» 
dIeiWed  'from  the  experiments  already  referred  to  on  ^e  graduf!il  heating  of  the  wdter  in  the  cistern, 
»  WftplMA,  «nd  may  be  represented  by  c/  the  cxMtected  ^^igfat  of  water  to  1  of  coal  will  then  be 
aqpRMed  bgr  oo ;  the  mean  gain  of  sensible  heat  by  the  water  in  coming  to  the  boiliag  ^oint, 
will  be  expressed  by  212^ — t*  Let  /  be  the  latent  heat  of  steam,  which,  by  my  own  determination^ 
(see  Keport  on  Strength  of  Materials  for  Steam  Boilers,)  is  =  1,030°-,  then  will  the  total  amount  of 
feat  received  by  the  imit  of  water  be  expressed  by  /-h(2*2— /),•  and  by  the  water  evaporated  by 
I  of  coil,  cwX  ('+(21^^ — t)).  To  know  the  w^ht  of  water  which  would  have  been  evfvporat^ 
ed,  faftd  It  been  defivered  to  the  boiler  ttt  312°,  the  above  quantity  is  dividsd  hy  I,  giving  the  for- 

ftitikctH ^ i* 

Having  obtained  a  common  standard  of  comparison  for  measuring  the  heating  power  of  a  given 
iveighim  coal,  including  all  its  ingredients,  the  efficiency  of  a  given  bulk  of  the  same,  (as  of  a 
cMWc  foot,)  is  obtained  by  muhiplying  the  weight  of  such  bulk  by  the  val»ie  of  the  expression 
joM  giviBii.  To  derive  iiom  the  same  the  heating  power  of  the  unit  weighs  of  eombuatible  matter^ 
yrt  deduct  the  wastage  per  cent,  from  100-    If  the  ratio  of  incombustible  matter  be  represented  by  a, 

8te  w«ter  to  I  of  combustible  nmtter  in  the  coal  will  be  obtained  by  the  fonttttla^>*i  T  /)' 

The  last  expression  is  useful  in  determining  the  relative  values  of  different  samples  of  coal  from 
the  same  coal  6eld ;  in  wfa§^  it  often  happens  (hat  the  proportion  of  incombastible  ingredients  is 
veiy  variabki,  while  the  compositioa  of  the  combustible  portion  is  nearly  constant* 
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Tseatiy  fix«d  in  ^e  trail  of  the  ftirniusd)  andc^iftble  of  Wittg  closed,  wIim 
rmt  Toqaired  for  dratriag  gas^  by  a  snitable  8t(4>jpier  ^  wood. 

Tbe  iroi)  tabe  imd  an  enlai^fement  coiMristing  of  about  4  hiehes  of  a 
rnnsket  barrel  bmi^  to  the  atimiter  conduetii%  tube.  Thiss  (^nlargtoieiit 
was  Mpt  fitted  with  ^aabesios  moderately  eom{)acted  together^  but  by  nb 
tdeans  precitrding  the  |iat9age  of  air.  It  serv^  ^is*  a  fitter  10  strain  fVoni 
thegasescotieetiBd  all  the  "solid  impurities.  With  the  elioertor  etid  of  tba 
nhall  iron  tube  »  connected,  by  a  piece  of  gam-elastic  tube,  the  g\mm 
tube  and  bulb  n,  (fig.  1,  plate  11,)  filled  with  dried  chloride  of  catdmn^ 
tO;  arrest  and  absorb  the  moisture  of  the  gas  passing  through  it.  But  as 
this  substance  sometimes  allows  minute  quantities  of  water  to  escape,  a 
second  tube,  0,  containing  amianthus  well  moistened  with  coiicentrai^ 
soiphuric  acid,  was  connected  with  the  former,  and  served  to  render  ttiis 
gssBB  peifeotly  'dry. 

These  two  tubes  we«^  placed  near  the  fui%)a(»,  that  they  might  reeeh^ 
from  the  hot  Iron  tube  every  portion  of  moisture  without  danger  of  being 
deposited  in  the  tead^  flexible  tube  which  conveyedibe  gases  10  the  neatt 
apparatus—* that  seen  at  j9,  whidh  is  a  tube  of  Li^big;  eomaining  a  sirong 
sohlition  of  pure  potash.  Here  the  carbonic  acid  is  abso^iied,  and  the  dry 
gas  once  more  takes  up  a  portion  of  moisture  which  ttfe  tube^,  containing 
dry  tsbioride  of  calcium^  absorbs ;  atlowing  tive  gias  in  its  dry  state  to 
anfre  at  the  ^lass  graduated  jar  r,  inverted  0tef  nieitniry  in  a  large  weH 
of  tbe  bach  A,  a-nd  suspended  by  a  cord  and  counftertveight,  caosifygit  m 
rise  with  bny  required  ^degree  of  force  necessary  to  draw  this  gais  from  the 
ctnlnney. 

Thr  jar  r  contained  about  ido  cubic  ihch<^  and  was  fumiM^  witha 
steel  cap  and  stopcock,  by  which  it  was  securely  closed.  A  stopboek, 
inierposed  between  the  ieaden  tube  and  thai  cenftainiiig  potash,  served  to 
cnt^off  the  access  of  ga^,  and  to  tent  ihe  accuracy  of  tbe  joints  interposed 
bet weeti  it  and  the  collecting  jar,  by  raising  the  latter  two  «r  tbr^e  indies 
out  of  the  mercmryy  and  ascertaining  whether  any  air  gained  admittaneci. 
Like  precautions  were  afterwards  taken* to  ascertain  that  the  joints  neat  • 
the  fumaee,  connecting  the  potash  ea\A  suiphvrrio  add  tubes  with  the  iron 
pipe  t,  (fig.  1,  plate  ni,)  and  with  the  leaden  tube,  were  all  secure  from 
leakage.  Tlie  latter  tube  was  24  feet  5  inches  long,  one-fourth  of  an  inch 
exterior,  and  one  eighth  of  an  inch  interior  dilimeter,  and  held  S.5  oul}ic 
inches.  In  the  intervals  of  use,  it  was  kept  closed  by  the  stopcock  near 
the  potash  tube,  and  there  was  consequently  little  or  no  opportuiTlty  for 
the  escape  of  the  gas  pr^iously  introduced. 

The  mercurial  ciatorn  bad  three  "wells,"  or  deep  portions,  which  at  the 
same  time  served  for  supports  to  the  apparatus,  and  for^receptaclespf  tha 
jars  containing  the  gases  for  analysii».  It  had  also  a  horizontal  trougk^ 
over  which  the^re-agents  could  be  passed  up  into  the  jars  when  required* 
When  gas  was  to  be  drawn  from  the  chimney,  the  Jarge  jap  r  tvas  pressed 
into  and  completely  filled  with  mercury,  and  its  stopcock  closed.  The 
several  glass  tubes  above  referred  to,  containing  the  re^agents,  were  theil 
carefully  weighed,  and  their  weights  recorded*  The  potash  tube  and 
chloride  tube,  p  and  q,  were  then  connected  with  the  jar  r,  and  with  th« 
stopcock  e,  (fig.  1,  plate  n;)  after  whidi,  the  soundness  of  tbe  junctures 
was  proved  as  above  stated.  ^ 

The  other  parts  oi  the  apparatus  were  then  securely  attached }  and 


fifietiythe  tiflitiieM  of  the  vfaole  stries  was  tried  before  insertiiig  the 
iron  tube  t  (%.  1 ,  plate  ni)  into  its  place.  This  was  done  bv  putting 
a  sheet  of  gum  elastic  over  the  end  of  it,  on  which  the  thumb  of  one  as- 
sistant was  placed^  while  another  opened  the  stopcocks  at  the  jar,  and 
raised  it  some  distance  out  of  the  mercury.  When  all  these  precautions 
had  proved  (he  satisfiaictory  condition  of  the  apparatus,  the  iron  tube  was 
inserted  in  its  place,  jtnd  the  drawing  of  gas  coomienced  by  opening  the 
cocks  near  the  jar,  or  was  suspended  by  closing  them,  at  pleasure.  It  was 
made  more  or  less  rapid  by  the  amount  of  the  counterweight  P,  and  by 
the  extent  of  opening  of  the  stopcocks. 

The  time  of  commencing  and  discontinuity  the  drawing  was  noted, 
together  with  the  amount  of  gas  drawn  ;  and  the  temperature  of  the  air 
near  the  mercurial  bath  was  indicated  by  a  thermometer  kept  suspended 
there  for  the  purpose*  The  barometer  was  generally  noted  either  during 
or  soon  after  the  time  of  drawing  gas.  As  soon  as  the  drawing  ceased, 
the  several  glass  tubes  with  their  contents  were  detached  and  re-weighed. 
The  gain  of  weight  in  the  chloride  tube  and  sulphuric  acid  tube  near  the 
furnace,  marked  the  weight  of  water  collected ;  and  that  of  the  potash  and 
chloride  tubes  near  the  jar  r,  indicated  the  weight  of  carbonic  acid ;  the 
last  re-agent  being  intended  to  withdraw  from  the  gas  the  moisture  taken 
np  from  the  potash  solution. 

The  height  of  the  barometer  being  taken  with  every  set  of  observations, 
served  to  determine  the  density  of  the  gas  drawn,  of  which  the  bulk  was 
of  course  noted,  after  bringing  the  mercury  within  and  without  the  jar  to 
the  same  level.  The  amount  of  water  due  to  the  hygrometric  state  of  the 
air  passing  to  the  furnace,  was  known  by  means  of  the  two  thermometers 
fl^n  at  €y  t\  (fig.  2,  plate  ii,)  placed  at  the  entrance  of  the  air  port  be- 
neath  the  ash  pit,  the  bulb  of  one  of  which  was  kept  dry,  and  that  of  the 
other  moist,  by  means  of  a  cloth  with  which  it  was  wrapped,  and  which 
was  wetted  after  each  set  of  observations.  The  dew  potnt  derived  from 
observations  on  these  two  instruments  was  deduced  from  the  table  of  the 
Encyclopedia  Britannica,  of  which  the  general  correctness  was  tested  by 
several  direct  trials  made  during  the  progress  (si  the  research. 

The  dew  point  determines  the  weight  of  moisture  in  a  given  bulk  of 
air,  and  the  excess  weighed  in  the  apparatus  was  attributed  to  the  products 
of  combustion. 

In  the  earlier  experiments  on  this  subject,  the  opening  j  (fig.  2,  plate  ii) 
was  used  for  inserting  the  gas-collecting  tube,  and  during  the  operation 
required  that  the  lower  damper  should  be  opened.  This  invariably  ac^ 
celerated,  to  some  extent,  the  combustion  and  the  rate  of  evaporation ; 
and  though  it  could  not  essentially  vary  the  proportion  of  materials  col- 
lected, did  not  afford  so  satisfactory  a  proof  of  the  relation  between  the 
fuel  burned,  and  of  air  by  which  its  combustion  was  effected,  as  when 
afterwards  the  copper  pipe  expressly  appropriated  to  this  object,  and  seen 
at  I,  fig.  1,  plate  jii,  was  inserted. 

Having  drawn  into  the  jar  r  a  sufficient  quantity  of  gas,  (usually  from 
80  to  100  cubic  inches,)  and  ascertained  its  loss  in  transitu  to  the  tubes 
above  referred  to,  a  portion  was  transferred  to  a  smaller  graduated  jar  ^ , 
with  steel  cap  and  stopcock,  and  was  there  tested  for  the  amount  of  ox- 
ygen remaining.  This  was  done  by  means  of  phosphorus  passed  up  into 
the  jar,  and  melted  by  bringing  round  the  jar  the  curved  jaws  of  a  pair  of 
tongs  heated  to  redness. 


!%«  pr^iortioii  of  gaseoodensed  after  beeomiog  co<d  loarked-MM  PMe 
portion  of  oxygen  in  the  residual  gas.  The  weight  of  carbonic  acid  de- 
termined its  balk  at  the  temperature  and  pressure  observed."^ 

The  accompanying  table  CXCIV  exhibits  those  experiments  in  which 
ail  the  principal  ingredients  of  the  products  of  combustion  were  deter- 
mined, and  may  illustrate  the  objects  in  view  while  prosecuting  these  re- 
searches. The  first  fifteen  columns  of  the  table  are  devoted  to  the  data 
obtained  by  experiments,  and  noted  in  the  column  of  "  remarks''  in  the 
several  tables  of  daily  observations. 

Following  ib&se  are  twelve  columns  exhibitmg  the  relations  to  each 
other,  both  by  weight  and  by  bulk,  of  the  chief  products  of  combustion^ 
calculated  from  the  data  furnished  in  the  first  division  of  the  table. 

Hie  weiglu  of  water  in  100  cubic  inches  of  air,  at  the  observed  dew 
point,  is  first  calculated  from  table  CXC  VI.  This,  applied  with  proper<^r- 
rectiofls  to  the  quantity  of  gas  which  came  to  the  apparatus,  ana  deducted 
from  the  water  collected  in  the  experiment,  furnished  the  second  column 
of  this  part  of  the  table ;  which,  consequently,  exhibits  the  weight  of  wa^ 
ter  derived  from  the  combustion  alone.  From  this^  the  bulk  at  standard 
temperature  and  pressure  of  the  oxygen  of  that  water,  and  the  weight  of 
its  hydrogen,  are  readily  calculated.  The  observed  weight  of  carbonic 
acid  gives  the  means  of  knowing  the  bulk  of  the  oxygen,  as  well  as  the 
weight  of  the  carbon  which  composed  it.  The  condensation  by  pbos- 
phorus,*with  the  observed  temperature  and  pressure  at  the  time  the  gas 
was  drawn,  aifords  the  means  of  determining  the  bulk  at  a  temperature  of 

*  Having  the  weight  a  in  grains  troy,  of  any  quantity  of  carbonic  aeid,  its  bulk  in  cubic  inehm 
at  a  temperature  of  60^  and  a  pressure  of  30  indiea  in  the  barometer,  will  be  found  by  the  for- 

nrala^  •=.  .  where  ^  is  the  bulk  required  hi  cubic  inches. 

In  order  to  bring  aU  the  observationB  to  a  common  standard,  it  is  of  coarse  necessary  to  bring 
into  the  cakulation  the  tempenture  and  pressure  at  which  each  specimen  of  gas  was  drawn  into 
the  jar.  * 

If  F  be  the  observed  column  of  dry  gas  taken  into  the  jar,  /  the  temperature  at  the  thne  iht 
drawing  ceamd,  h  the  height  of  the  barometer  in  inehes  at  the  same  time,  then  would  the  bulk 

at  60®,  under  the  same  pressure,  be^—  ^  /';_oon*  (Thisadmits  the  expansion  of  air  tobe  -j^  d 

Mvt  from  32®,  for  every  degree  Fahrenheit,  according  to  the  recent  determinations  of  Rudberg, 
Kegnault,  and  Magnus.)  When  the  observed  pressure  is  not  equivalent  to  30  inches  at  the  stand- 

lOOlSA 
ard  ten^>eratuie»  itis  corrected  to  bring  it  to  that  standard  by  the   formula  h!  —  —__--— —^ 

where  h'  is  the  corrected  height  of  mercury  whidi  would  have  been  observed  at  60®  un* 

der  the  same  pressure.     Hence,   since  the  volumes  are  inversely  as  the  compressing  forces, 

621 K 
A'  :  80  I.  7-— — - — -— :  F,  where  F  «  the  true  volume  of  dry  gas  at  60®  and  30  inches  barom- 
493-f-(^— 32)  ^  ^ 

Her.  •^ 

8ince  the  bulk  of  carbonic  add  is  the  same  as  that  of  the  oxygen  which  enters  into  its  com> 

position,  its  relation  to  the  total  volume  of  dry  gases,  before  arriving  at  the  potash  tube,  is  found 

by  the  ratio  -t=^ — ,  which  may  represent  the  per  oentage  of  oxygen, taken  firom  the  air^  to  con* 

stitnte  the  carbonic  acid. 

As  the  treatment  with  phosphorus  gave  the  ratio  which  the  oxygen  bohs  to  the  total  amount 
of  gas  collected  in  the  jar,  this  ratio  may  be  called  r  ,•  its  bulk  in  cubic  inches  is  known  by  taking 

the  product  r  F,  and  its  relation  to  the  sum  of  dry  gases  will  be  yy  —  ■.  In  these  computations  no 

account  is  taken  of  the  phoq>horic  compounds. 

As  water  contains  eight  nin^  of  its  weight  in  oxygen,  die  bulk  of  the  latter  gas,  belonging 
to  any  observed  weight  of  water  collected,  is  found  by  taking  that  fraction  of  the  observed  w^ght 
and  dividing  it  by  .341872,  which  is  the  weight  in  grains  of  one  cubic  inch  of  oxygen  at  60® 
Fahrenheit  and  30  inches  barometer. 


[ W6 ]        ^  ^ 

"60*^,  atid  a  pressure  of  30  inches  of  mercury,  of  the  residual  gas  (nilrogeo> 
Oi  the  jar,  as  \reU  as  of  the  oXygen  absorbed ;  and  these,  with  the  pre- 
viously determined  aihount  of  carbonic  acid,  show  the  original  volume  ot 
t!ry  ga^s  which  arrived  at  the  potash  tube^,  (fig.  1,  plate  li.)  This  vol- 
ume is  seen  uhder  the  hea(d  of  *^  total  of  dry  ga^s  collected/*  Following 
this,  ate  thrise  colutnns  appropriated  to  exhibiting  the  ratio  to  the  total  of 
dry  gases,  first  of  the  carbonic  acid  and  of  the  residual  oxygen  separately, 
and  then  of  their  sura ;  in  order  to  determine  how  nearly  this  latter  rela- 
tion approaches  that  of  oxygen  in  pure  atmospheric  air.  It  will  be  ob- 
served that  many  of  these  numbers  closely  approximate  to  that  relation 
zs  established  by  chemists,  viz :  20  *  per  cent.  It  will  also  be  found  thai 
the  average  proportion  of  oxygen  left  in  the  air  drawn  into  the  jar  was, 
^71  trials  on  about  30  varieties  of  coal,  12.03  per  cent,  of  that  air,  or 
^.5  per  cent,  as  much  as  would,  with  the  same  quantities  of  nitrogen^ 
hare  cottstitnted  atmospheric  air. 

This  result  agrees  pretty  nearly  ^Vith  some  which  were  obtained  at  the 
Yery  time  these  experiments  were  in  progress,  by  Mr.  Robert  Hunt,*  froni 
trials  on  several  of  the  large  Cornish  engine  furnaces.  He  found  the  con* 
tfefts^ion  by  pdtash  to  amount  to  one-ninth  of  the  whole  volume  of  gas 
drax^-n  from  the  chimney |  and  of  the  remaining  gas,  one-tenth  wets  con- 
densed by  phosphorus.  My  experiments  also  accord  with  whsu  is  stated 
"by  M.  Peclett  relative  to  thosd  made  at  Vesserting  in  1832,  from  wliicb 
it  appeared  that  the  qaantlty  of  oxygen  found  in  the  smoke  of  the  chim- 
ney of  a  steam-boiler  furnace,  varied  from  10.5  to  11.5  per  cent,  while 
using  coal,  and  from  4«55  to  7  per  cent,  when  burning  wood.  This  au- 
thor assumes  in  his  calculations  that  one-half  of  the  air  which  goes  to 
the  grate  of  a  furnace  using  coal  escapes  unburnt. 

The  remaining  thirteen  columns  of  the  table  are  consigned  to  deduc- 
tions relative  to  the  heating  power  of  fuel.  From  a  knowledge  of  iha 
proportion  of  earthy  mattrt"  in  each  coal,  and  of  the  carbon  and  hydrogen 
derived  from  its  combustion,  the  quantity,  in  grains,  of  raw  coal  burned 
toy  the  agency  of  the  gases  collected,  is  ascertained.  Frotn  this,  the  bufk 
in  cubic  feel  at  standard  temperature  and  pressure,  and  the  weight  irt 
pounds  of  atmosplieric  air,  sufficient  to  burn  one  pound  of  the  raw  ooai> 
oecome  known  ;  and  also,  from  the  relation  of  the  several  gases  collected, 
and  their  specific  heats,  the  weight  of  air  equivalent  in  specific  heat  to 
the  dry  ^ses  for  a  pound  of  coal,  is  calculated,  and  is  readily  couverted 
into  tJbei^ht  of  watery  equivalent  in  heat-absorbing  newer  to  that  xv eight  af 
air.  The  water  of  combustion  for  one  pound  ot  fuel  is  calculated  from 
the  previously  ascertained  excess  of  that  collected,  above  the  hygrometric 
moisture  ;  and  the  latter,  for  one  pound  of  coal,  is  separately  obtained  from 
Ae  b^lk  of  &ir  found  necessary  to  bum  a  pound  of  cbal,  and  from  its  ob- 
served dew  point.  The  last  five  columns  of  figures  in  ihis  division  of 
the  tal)le  are  appropriated  to  recording  the  evaporative  power  of  the  several 
quantities  of  heat  which  were  employed — 1st,  in  raising  tlie  temperature 
of  the  air  which  supplied  the  combustion,  from  that  at  which  it  entei'ed 
the  air  port,  to  that  at  which  it  reached  the  chimney  ;  2d,  in  vaporizing 
the  water  derived  from  the  coal,  and  afterwards  heating  it  to  the  tempera- 

v^ ■  I  I  I       I  i       I  I  r        I    ■ 

*  See  Practical  Mechanics  and  Eog^eera'  Magazine  for  December,  1843,  page  93,  article  IV. 
ThoM  ex{)enments  were  made  m  Jtmei  August,  and  September,  preoeding  their  publication, 
f  Tcait^  de  la  Ohalcur,  oonsidtT^  dwia  sea  appiicatious :  torn,  i,  p.  6. 
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Mre*l  irbich  it  pMmt  teto  ^6  obirtineT^  ad> ia ndiifa:^  tin  1ijrgMM«ri(: 
i&oiiilare  from  its  ioitial  lMU)emture  to  that  poassaBod  by  the  g^sts  gtntig 
into  the  chiatney ;  4^,  and  ^nallvy  ^at  employed  on  the  steam  gencfmted 
tifoa  Ihe  boiler  at  21:2^  by  one  potmd  of  raw-  coal.  The  last  ^Iwmi  of 
jHUBtbers  in  the  table  is  obtained  by  adding  together  the  four  imm^di^ijlely 
pfeeediitg. 

12.  Jipparattls  employed  in  the  ttUiihaie  imalyms  of  ^oals, 

llie  section  of  an  apparatus  tised  for  drying  the  spedmens  of  coal  ana* 
lyscfdy  is  seen  in  pkile  i,  fig.  1.  A  is  a  copper  boiler  aboat  8  inches  high^ 
hf  G  in  diameter  at  the  bsfie^  furnished  with  ah  interior  cylinder  B,  about 
&i  iiK^ies  deep,  and  3  itiehss  in  diameter,  closed  at  bottom,  and  op^i  att^p 
to  receive  the  small  movable  system  of  shelves  c,  on  which  are  supported 
CAltoales,  i,  b,  i,  6,  &,  containing  the  palverized  coal  to  be  dried.  A  nd,  D,, 
doses  the  mouth  of  the  interior  cylinder.  A  screw,  N,  clones  steam  tight 
tbe  opening  throngh^  which  the  boiler  is  filled.  A  titbulure,  T,  c&m&Md 
wkha  glass  tube,  ^,  bent  at  right  angles,  conveys  the  steam  down  to  a  d»*^ 
tunoe  of  S  feet,  to  a  jar,*E,  containing  jnercury,into  which  the  tube  descends 
to  ^  depth  of  about  5  inches.  A'  basin  to  receive  tire  ^^oodensed  w^ateif 
'Vrtiich  isny  flow  from  the  sur&ce  of  the  mercury,  serves  as  a  support  to  tht^ 
jar.  A  lamp,  L,is  placed  beneath  the  boiler  as  it  rests  on  the  tripod  S. 
Kg.  2  exhibits,  on  an  et&rged  seale,  the  &amie  of  shelvies  o,  mthdniw^ 
firom  the  boiler.  The  arrangement  above  described  enabled  ne  to  apply 
lo  the  specimens  a  temperature  of  216^  for  any  desirable  length  of  time ;  by 
leaviBg  the  lid  D  resting  rather  loosely  over  the  mouth  of  the  cylinder  B, 
a  oertain  amount  of  ciroilation  of  air  was  allowed,  favoring  the  rapidity  of 
the  desiccation. 

On  the  same  plate,  at  %.  9,  is  seen  an  afrangement  for  sec«irii^  accu- 
racy of  juncttires  in  conoecCing  the  successive  parts  of  tiiae  apfnaratus  em* 
ployed  in  the  analyses.  A  is  the  sheet-iron  furnace  ;^  C  the  combustion 
tube,  covered  with  thin  idiieet  copper;  and  that  with  sheet  iron  irmly  s^ 
ctired  with  thin  iron  wire.  These  precautions  were  found  necessary,  ow- 
ing to  the  easy  fusibility  of  American  green  giass  tubes^  which,  wttboul 
this  safeguard,  would  generally  give  way  under  a  beat  much  below  what 
is  deeirable  in  analyzing  coa^. 

P  is  a  sheet  iron  screen  to  shield  the  several  tubes  containing  the  ab« 
sorhiiig  apparatus  from  the  heat  of  the  furnace  ;  /  is  the  tube  for  chloride  of 
calcium  with  its  bulb,  and  having  its  beak  entering  a  cork,  which  closes 
the  month  of  the  combi^tion  tube  C.  To  insure  accuracy  in  this  joint  ii 
not  always  of  easy  accomplishment.  In  using  an  exhausting  syringe,  or 
a  common  air  pump,  for  this  purpose,  the  number  of  joints  iu  those  instru- 
ments renders  their  indications  rather  equivocal.  But  the  mercurial  f>ump 
E  answers  this  end  perfectly.  *  It  is  a  glass  jar  aboxit  1  foot  high,  and  2 
ioehes  in  diameter,  rather  more  than  half  filled  with  merctiry.  Into  this 
liquid  descends  the  inverted  jar  D,  open  at  bottom,  and  drawn  out  above 
into  a  tube,  the  upper  end  of  which  is  connected  by  the  elastic  joint  e,  with 
the  tube  B,  about  3  feet  in  length,  which  is  in  turn  united  by  the  elastic 
tube/,  with  the  chloride  tube  /.  When  ihe  junctures  are  first  noade,  the 
jar  D  is  depressed  so  as  to  rest  ou  the  bottom  of  E.  The  mercury  witliin 
and  without  L)  is  then  at  the  same  level.  By  raising  D,  the  mercury  within 
it  rkes  to  the  height  ^ay  of  A,  while  that  exterior  to  it  falls  proper tioually. 
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The  disUDce  m,  h^  tben  represoDte  the  column  of  mercury  (whieh  may  h^ 
from  3  to  6  inches)  that  exerts  its  force  to  draw  air  into  the  combustion  and 
chloride  tube.  A  line  encircling  the  jar  at  h  serves  as  a  marker  to  deter- 
mine whether,  when  raised  to  that  level,  the  mercury  in  D  continues  con- 
stant at  the  same  height  A  very  few  minutes  determines  this  conclusively. 

In  detaching  the  pump,  the  joint  e  is  not  disturbed,  nor  the  attachment 
of/  to  the  tube  B ;  so  that  a  single  tying  only  is  required  to  connect  k 
with  the  next  piece  of  apparatus  required  to  be  tested. 

Fig.  4  represents  the  apparatus  at  the  conclusion  of  an  experiment. 
The  end  of  the  combustion  tube  C,  however,  instead  of  projecting  out  of 
the  furnace  two  or  three  inches,  came  only  about  one  inch,  or  less,  in  front 
of  the  screen  P.  The  limiting  screen  e,  which  during  the  progress  of  the 
combustion  had  been  pushed  successively  from  P  to  A  in  the  furnace,  is 
removed. 

The  upturned  point  of  the  combustion  tube,  as  seen  at  C,  fig.  S,  bai 
been  broken  off,  to  admit  the  passage  of  air  through  the  tube  ;  the  caldum 
tube  D,  cloded  at  bottom  with  a  perforated  cork,  has  been  placed  over  the 
opening.  A  cork,  fitting  loosely  at  the  upper  end,  allows  air  to  pass  freely 
down  the  tube,  when,  by  the  action  of  tne  pump  H,  air  is  drawn  through 
the  combustion  tube,  to  sweep  out  the'iast  portion  of  the  products  of  com- 
bustion ;  /  is  a  chloride  of  calcium  tube ;  s  a  tube  and  bulb,  containing  am- 
ianthus moistened  with  concentrated  sulphuric  acid.  L  and  L'  are  lie- 
bi^'s  tubeS)  contaning  concentrated  solutions  of  potash ;  m  is  a  calcium 
tube,  to  arrest  the  moisture  taken  up  from  the  potash  liquids ;  n  is  a  tube 
for  sulphuric  acid  and  amianthus. 

It  will  be  understood  that,  during  the  progress  of  combustion,  the  leaden 
tube  r  was  disconnected  from  the  rest  of  the  apparatus,  and  any  gas  not 
condensed  by  the  re-agents  made  its  escape  at  the  beak  of  the  tube  n. 

The  glass  tube  I,  descending  into  a  iar  containing  mercury,  served  as  a 
gauge  to  mark  the  force  employed  in  drawing  the  gasea  through  the  appa- 
ratus. It  may  be  proper  to  remark,  that,  in  experiments  in  which  chlorate 
of  potash  was  placed  at  the  bottom  of  the  combustion  tubc^  to  drive  out  the 

Jroducts  of  combustion  by  means  of  the  oxygen  which  it  furnished  when 
ecomposed,  the  use  of  the  air  pump  was  unnecessary. 
It  is  hardly  necessary  to  state  that  each  of  the  pieces  of  apparatus,  /,  i, 
L,  L',  m,  and  n,  was  separately  weighed  in  a  delicate  balance,  both  before 
and  after  the  performance  of  every  experiment,  in  order  to  obtain  the  exact 
gain  of  weight  from  absorbing  the  condensable  products  of  combustion. 

13.  On  the  hygrometric  character  of  the  different  materials  employed 
to  produce  the  combustion  of  organic  compounds^  employed  in  this 
research. 

The  chromate  of  lead  has  been  rccomiliended  for  this  purpose,  on  ac- 
count of  its  being  absolutely  destitute  of  all  tendency  to  absorb  moisture. 

The  oxide  of  copper  precipitated  from  the  nitrate,  is  well  known  to  be  a 
very  active  absorbent  of  water,  rendering  necessary  all  those  minute  and 
troublesome  expedients  to  avoid  excess  of  moisture,  which  are  laid  down 
in  treatises  on  organic  analysis.    • 

The  chlorate  of  potash  is  regarded  as  a  dry  salt  destitute  of  hygromet- 
ric properties. 

Having  determined  to  make  trial  of  finely  pulverized  oxide  of  copper, 
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wocured  from  the*  sheel-copper  mannfactory,  I  first  calcined  525  grains 
for  more  than  an  hour  in  an  open  muffle,  to  convert  dinoxide  into  pror 
toxide.  This  gave  an  increase  of  weight  amounting  to  32.82  grains, 
showing  that  292.018  grains,  or  55.62  per  cent,  of  the  whole^had  receivect 
the  requisite  quantity  of  oxygen  to  efiect  that  conversion. 

After  pulverizing  completely  the  calcined  oxide,  a  portion  weighing  362^ 
grains  was  placed  in  a  porcelain  crucible,  with  the  same  weight  in  another 
crucible  of  freshly  ignited  oxide,  precipitated  from  the  nitrate  of  copper* 
These  were  then  placed  side  by  side  on  a  porcelain  tile  resting  on  a 
moistened  cloth,  ana  the  whole  covered  with  a  half-gallon  glass  evaporat- 
ing basin  inverted  over  them.  The  moisture  soon  filled  the  interior  of 
the  basin,  where  the  temperature  ranged  for  15i  hours  from  45  to  60  .de- 
grees. The  precipitated  oxide  had  at  the  end  of  that  time  gained  .61 
grain,  while  the  scale  oxide  had  imbibed  only  .11  grain;  or  the  former 
bad  aJ[)sorbed  5.54  times  as  much  as  the  latter.  To  compare  chromate  of 
lead  with  the  oxide  of  copper,  I  put  250  grains  of  scale  oxide,  and  the 
same  weight  of  chromate  of  lead,  into  two  separate  crucibles ;  placed  them 
in  a  muffle,  and  heated  them  nearly  to  redness.  Each  lost  .08  grain* 
They  were  then  placed  under  a  basin  over  a  damp  cloth.  Here  they  re- 
mained 24  hours  surroimded  with  vapor  which  condensed  copiously  on 
the  glass  above  them.  By  this  exposure  the  crucible  containing  oxide  oi 
copper  gained  .18  grain,  and  that  containing  chromate  of  lead  .48  grain^ 
or  nearly  tbrea  times  as  much. 

It  appears  that  the  moisture  weighed  on  the  cup  containing  scale  oxide 
of  copper^  had  been  mostly  attached  to  the  cup  itself;  for,  after  standing 
21  hours  in  an  atmosphere  at  40^,  it  had  returned  to  its  original  weight, 
while  the  chromate  of  lead  still  retained  an  excess  of  .14  grain;  fully 
proving  that  the  latter  material  was  more  hygrometric  than  the  former. 

In  a  third  trial,  I  put  under  a  basin  three  cups,  one  containing  scale 
oxide,  one  precipitated  oxide  of  copper,  and  the  third  fused  chromate  of 
lead.  Having  all  been  exposed  48  hours  in  damp  air  under  a  basin,  the 
scale  oxide  cup  had  received  an  increase  of  .09,  the  chromate  of  .16,  and 
the  precipitated  oxide  ,22  grain. 

The  contents  were  removed  from  the  several  cups,  and  the  latter 
dioroughly  dried.  When  returned  to  them,  it  appeared  that  the  scale 
oxide  and  chromate  lost  all  their  excess  of  weight  by  one  hour's  exposure 
on  a  table  at  a  temperature  of  60%  while  the  precipitated  oxide  still  re- 
tained.12  grain  of  that  excess. 

It  appears  that  these  several  powders  had  contained,  when  put  under 
the  basin,  some  portion  of  moisture  ;  for,  on  exposing  the  three  at  a  tem- 
perature a  little  below  redness,  for  half  an  hour,  the  scale  oxide  lost  .10 
grain,  the  chromate  .14,  and  the  precipitated  oxide  .19  of  a  grain. 

These  cups  were  now  loosely  covered  with  their  respective  lids,  to  keep 
out  dust,  but  not  to  prevent  the  ingress  of  air  and  its  moisture ;  and  in 
that  condition  left,  for  one  ytavy  exposed  to  the  variable  condition  of  air. 
It  was  then  found  that  the  scale  oxide  cup  had  gained  .05  grain,  the 
chromate  cup  .11,  and  the  precipitated  oxide  .17;  the  second  being  more 
than  iwiccj  and  the  third  more  than  three  times  as  much  as  the  first. 

Of  chromate  of  lead  in  its  raw  state,  I  put  154.66  grains  into  a  small 
sand  crucible,  and  brought  it  to  incipient  fusion.    It  lost  2.06  grains. 

Of  fused  and  subsequently  pulverized  chromate,  I  weighed  into  the 
aame  crucible  439.02  grains,  heated  it  to  incipient  redness,  when  it  wa» 
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found  to  bavie  lost  .32  graia.    The  onicible  had  been  heated  by  itself  jasl| 
before  this  trial,  and  lost  .1  grain. 

.  I  b^ted  cbloi^te  of  potash  to  SM^,  or  to  incipient  fodioB,  by  which  it 
tost  .808  per  cenl. 

From  all  the  foregoing  experimented  I  an^  led  to  the  conchisioa  that 
aoftle  oxide  of  ooptper^  is  mote  free  from  teodencjr  to  absorb  moistnie  than 
any  of  th«  other  materials  assayed,  and  that  it  absorbs  with  such  extrenoi 
sloirpess  as  to  be  practically  anhygromelric. 

*  The  aboT6  experiments,  and  the  analysis  which  I  made  wi-th  the  scale 
oxide  of  copper,  haring  led  me  to  give  the  preference  to  this  oxide  aboTa 
that  procured  by  precipitation,  (contrary  to  the  recommendation  of  every* 
treatise  which  I  have  consnlted  on  the  subject,)  I  ha^e  been  pleased  t5 
&nd  that  the  conclusion  I  bad  formed  respecting  tlie  utility  of  this  nEia<4 
ievial  is  in  accordailice  with  the  praciice  of  the  great  master  of  oi^nie 
chemistry  himself,  A  gentleman*  wha  has  spent  some  time  in  the  labora- 
tory of  M.  Liebtg,  has  informed  me  that-  the  scale  oxid^  of  copper  pio>- 
duced  in  the  sbeet*copper  manufactory,  is  the  substance  now  emoloyed 
at  Giessen  to  produce  the  combustion  of  organic  bodies.  The  reouotioa 
to  the  state  of  peroxide  is  there  effected  by  moistening  the  scales  with 
nitric  acid  and  heating  in  an  earthen  crucible ;  some  nitrate  is  formed,  hitt 
is  decomposed  by  suteequent  ignition. 


J.  Lftwrenoe  Snuth,  M.  D.,  of  Charlealon,  8.  C. 
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CLASS  I. 


ANTHRACITES — NATTTRAI.  COKE — ARTIFICIAL  COKE — MIXTURJJS^ 


SAMPLES. 

Nd>  1.  Beaver  Nteadow,  slope  No.  3. 

2,  Beaver  Meadow,  slope  No.  5. 

S.  Forest  improvement. 

4.  Peacb.  mountain. 

5.  Lehigh. 

6.  Lackawanna; 

7.  Lyken's  valley. 

8.  BeQ,ver  Mea^w^  (navy  yard.) 

9.  NaturM  coke,  ( VirginJAr) 

la  Coke  of  Midic>thia,n  (Virginia)  coal. 
1 K  Co^  of  Neflfs  Cumberland  coaU 

12.  Mixture  ^  Mi^lothiaR  avnl  7  Beaver  Meadaw. 

13.  Mixture  I  CumberlaiMl  wd  |  leaver  Meadow. 


f^y^m 


General  c/uf  teeter  a  qfthe  class. 

Th^  anth^acit^  ha^ve  specific  gravities  varying  from  1.39  to  K61 ;  re« 
tain  ttieir  form  wb^n  ej^posed  to  a  he«it  of  ignition,  and  undergo  no  proper 
iotumft^ffence  while  Pf^grtM^  with  the  small  portion  pf  volatile  matter  which 
they  contain ;  or,  if  changed  at  all,  are  only  disinl^gnlted  into  angular 
fr^gqg^nts*  Their  4^wff  ie  generally  idiort,  of  a  blue  color,  and  eonse* 
quept^r,  of  litt]^  ilj^i^n^tiog  pawer.  They  are  ignited  with  difflculty^ 
give  an  intense  concentraj^  beet;  bm  generally  become  exiinct  white 
yet  a  coa^iAi^r^e  qu2^(iti,^y  remains  imburnt  on  the  grate. 


:i 
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No.  1. 

Anthracite  coal  sent  by  the  Beaver  Meadow  Railroad  and  Coal  Com^ 
panyfrom  the  mine  called  ^^  Slope  No,  3''  qfsaid  company. 

This  and  the  succeeding  sample  were  accompanied  by  the  following 
certificate : 

^^  Office  of  Beaver  Meadow  Railroad  and  Coal  Co., 

^*  Philadelphia,  June  17,  1842. 

^<  I  certify  that  the  (10  casks)  coal  were  mined  since  last  winter.  Five 
casks,  marked  No.  3,  are  coals  from  our  mine  No.  3 ;  and  5  casks,  marked 
No.  5,  are  coals  from  our  mine  No.  5.  There  are  but  about  two  tons  of 
each  kind.  Bristol,  on  the  Delaware  river,  is  the  most  convenient  port 
for  the  delivery  of  it  for  shipment.  We  can  have  ready  there  large 
quantities  of  either  kind,  by  giving  due  notice  to  this  office. 

"ROBERT  PEARSALL, 

«  President.'' 

The  state  of  this  coal  when  received,  (June  30,  1842,)  as  well  as  when 
burned,  (June  30,  1843,)  was  that  of  lumps  or  masses  of  considerable 
magnitude — 1(^  large,  indeed,  to  be  either  conveniently  or  profitably- 
burned  ;  and  it  consequently  required  to  be  broken  up  into  fragments  of 
such  size  as  to  be  capable  of  a  speedy  and  sustained  ignition. 

The  dipped  of  the  coal  is  generally  characterized  by  an  irregular  frac- 
ture ;  a  rather  dull  black  color ;  a  surface  marked  by  minute  striae  ;  and 
presenting,  in  many  specimens,  portions  dotted  with  minute  brilliant 
specks,  which  a  close  inspection  shows  to  be  composed  of  circles,  or  con- 
centric rings,  of  which  all  the  planes  are  parallel  to  each  other.  These 
marks  of  a  definite  internal  structure  can  of  course  be  seen  in  one  posi-  . 
ticm  only  on  each  of  two  opposite  sides.  The  frcu^ure  is  sometimes  con- 
choidal  and  splintery.  The  surfaces  of  deposition  are  in  general  but 
'  faintly  marked>  until  a  partial  combustion  has  developed  them ;  they  then 
become  sufficiently  apparent. 

The  specific  gravity  of  two  specimens  was  fontid  to  be  1.6104  and 
1.6102;  from  which  the  calculated  weight  of  a  cubic  foot  of  the  solid 
coal,  as  it  exists  in  the  mine,  is  100.645  pounds. 

The  mean  result  of  forty  experiments  in  measuring  and  weighing  the 
coal  as  it  came  to  hand,  gave  the  weight  of  a  cubic  foot  in  its  merchanta- 
ble condition  54.925  pounds,  or  .5487  of  the  calculated  weight  just  stated. 
Hence  the  space  required  to  stow  one  gross  ton  of  this  coal  is  40.78  cubic 
feet. 

The  two  specimens  of  which  the  specific  gravity  is  given  above,  were 
submitted  to  analysis :  the  first  contained  of  moisture  1.005,  and  the  sec- 
ond 1.296  per  cent.  These  determinations  were  made  by  means  of  the 
apparatus  seen  at  fig.  1,  plate  i,  already  described. 

During  the  progress  of  experiments  on  evaporative  power,  28  pounds 
of  this  coal  were  placed  for  twenty-four  hours  in  the  copper  steam-drying 
bath  K,  (fig.  1,  plate  ni,)  where  it  was  subjected  to  a  temperature  of  rather 
more  than  212^  and  in  that  time  it  lost  7  ounces  in  weight,  or  1.562  per 
cent.  100  grains  of  the  second  specimen  above  referred  to,  reduced  to  an 
impalpable  powder,  and  treated  with  two  drachma  of  concentrated  pure 
nitric  acid,  and  digested  for  twenty-four  hours  at  a  moderate  sand  heat^ 
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filtered  ajid  treaied  witfi  obloride  of  barytiiu,  yielded  of  ignUed  sulphate 
of  baryta  .08  of  a  grain — equivalent  to  0.011  per  cent,  of  sulphur. 

Of  the  same  specimen,  20  grains  treated  with  pure  English  Utharge  re- 
duced 583.36  grains  of  metallic  lead,  or  29.168  times  its  own  weight.  A 
second  trial  gave  26.3  times  its  weight.  (It  seems  probable  that,  in  the 
latter  case,  some  portions  of  the  anthracite  must  have  escaped  complete  re- 
duction.) 

Four  trials  on  each  of  the  two  specimens,  to  determine  the  pr<:^ortion  of 
incombustible  ingredients,  resulted  in  giving  for  the  first  10.91, 1 1.09, 11.14, 
and  11.05  per  cent.,  or  an  average  of  11.05*,  the  weights  employed  being 
from  30  to  55  grains  at  each  trial.  For  the  second  specimen,  the  numbers 
were  8.77,  8.79,  8  55y  and  8.67,  or  an  average  of  8.69.  The  incineration 
was  continued  from  4  to  5  hours. 

The  ashes  from  analysis  are  of  a  grayish  white  color,  tolerably  dense, 
and  tend  to  cohere  slightly  together  into  masses.  By  a  reference  to  the 
following  tables,  it  will  be  seen  that  the  proportion  of  waste,  including 
dinker  and  ashes,  in  the  several  trials  of  this  anthracite,  varied  from  9.039 
to  lGAd2  per  cent,  of  the  fuel  burned.  Taking  the  entire  amount  of  coal 
ajctvally  consumed,  3,944.5  pounds,  and  the  total  weight  of  waste  from  the 
four  trials,  viz :  469.88  pounds,  we  find  the  per  centage  of  tiie  latter  11.912* 
The  ratio  of  the  clinker  to  the  total  waste  was  but  9.1  per  cent.,  and  the 
color  and  appearance  of  tiie  substaiice  such  as  to  indicate  but  little  ten«^ 
dency  to  fusion  and  vitrification  in  the  earthy  ingredients  of  this  anthra* 
cite.    No  tendency  to  adhere  to  the  grate  bars  was  observed. 

The  ashes  fram  the  furnace  are  of  a  gray  color,  pretty  abundantly  mixed 
with  particles  of  unbumed  anthracite.  In  trials  of  this,  as  well  as  other 
saiaples,  it  will  be  observed  that  the  higher  proportion  of  clinker  was  found 
after  those  experiments  in  which  the  combustion  and  evaporation  had 
been  most  accelerated.  Thus,  in  the  1st  and  3d  trials,  in  which  the 
damper  was  drawn  10  inches,  the  ratios  of  clinker  to  ashes  are  14.796  and 
8.976  ;  while  in  the  2d  and  4th  trials,  with  the  damper  set  at  5  niches,  the 
ratios  are  6.5014  and  6.1315. 

The  weight  of  a  cubic  foot  of  the  ashes  of  this  coal  was  found  to  be 
52.80  pounds,  and  of  an  equal  bulk  of  its  clinker  34.07  pounds.  Of  the  dust 
from  the  flues, mixed  with  a  tittle  soot  of  the  wood  used  in  raising  tempera- 
ture at  the  commencement  of  each  experiment,  the  weight  was  21.39  pounds 
per  cubic  foot.  The  ashes,  when  exposed  again  to  incineration  for  several 
hoore  on  a  platinum  capsule,  lost  44.33  per  cent,  of  their  weight,  leaving  a 
sUgbtly  reddish  gray  powder.  The  ashes  beihg  90.9  of  the  total  waste^ 
the  reduction  from  burning  oat  completely  the  combustible  residuum  is 
40*21)5  per  cent,  of  11,912,  or 4.8;  leaving  7.112  as  the  true  percentage  of 
incombustible  matter  of  this  coal,  exclusive  of  the  dust  of  the  flue3,  and 
showtog  that  both  the  specimens  above  analyzed  gave  more  than  the  aver- 
a^  amount  of  earthy  matter.  Of  soot  and  dust,  only  3  lbs.  and  14  ounr(*s 
were  coUected  on  sweeping  tiie  flues  after  four  days'  burning;  and  of  this 
small  amount,  32.28  percent,  was  combustible  matter;  leaving  but  2i  lbs. 
of  ashes  attributable  to  the  anthracite  alone.  Tlie  importance  of  this  free- 
dom from  coating  in  the  flues,  is  seen  in  the  table  of  deductions,  wiiero, 
instead  of  finding  a  falling  ofi*  in  the  ^  water  f>om  212^  to  1  of  combustiblo 
matter  of  the  fuel,"  we  have  the  highest  result  at  the  fourth  trial. 

The  volatile  matter,  other  than  moisture,  was  found  to  be  only  2.3,35 
aod  :2.234  per  cent,  in  the  two  specimens  analyzed;  $o  thai  of  the  firsts 
3 
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the  to^l  volatile  matter  was  3.34,  and  in  the  secoi>d  3.59  per  cent    Hence 
we  have — 

Iflt  Bpedmeik.     Sdapedmen. 

Volatile  matter    -----  3.34  3.53 

Earthy  matter      -  -  -  -  -         1 1 .05  8,72 

Fixed  carbon       -  -  -  -  -         65.61  87.76 

100  100 

Admitting  that  the  volatile  matter  above  given  is  a  fair  average  of  that 
generally  contained  in  this  anthracite,  and  knowing  from  the  trials  of  ashes 
already  stated  the  true  amount  of  earthy  matter  on  a  large  scale,  we  have 
the  following  result : 

Volatile  matter  (mean  of  two  trials)  =  3.430 
Earthy  matter  (from  3,944.5  lbs.)  =  7.112 
Fixed  carbon   -  -  -  -     89.458 

100 

It  is  proper  to  add,  that  four  trials  of  volatile  matter  in  specimens  from 
this  sample  of  coal  by  Dr.  King,  gave  a  mean  of  4.462  per  cent.;'  which, 
with  the  two  above  given,  yielded  a  mean  of  3.946,  reducing  the  fixed  car- 
ton to  88.942. 

The  difficulty  of  ignition  will  be,  in  part,  understood  from  the  fact  that 
the  boiler  was  not  in  steady  action  in  the  first  trial  until  5  hours  and  3 
minutes  after  the  charging  with  coal  commenced.  In  the  second  trial,  this 
time  was  increased  to  5  hours  and  43  minutes,  notwithstanding  that  the 
first  charge  had  been  laid  upon  the  grate  before  the  fire  of  pine  wood  was 
commenced.  In  the  third  trial,  the  time  was  reduced  to  2  hours  and  45 
minutes,  having  the  same  advantage  of  a  charge  of  anthracite  laid  upon 
the  grate  before  charging  with  wood.  At  the  fourth  trial,  the  time  was 
ferther  reduced  to  1  hour  and  55  minutes.  It  appears,  therefore,  that  the 
average  length  of  time  required  to  bring  the  furnace  into  full  activity,  after 
the  kindling  wood  was  withdrawn,  was  3  hours  and  52  minutes  t3  3.866 
hours. 

Another  evidence  of  the  difficulty  of  ignition  is  found  in  the  tabJe  of 
deductions  opposite  to  the  title  ^<  pounds  of  coal  withdrawn  and  separated 
after  trial,'^  which,  on  an  average  of  the  four  trials,  was  ll2j  lbs. 

When  broken  to  egg  size,  this  coal  gave,  by  three  trials  which  were 
identical  in  their  results,  57.25  lbs.  per  cubic  foot. 

Though  it  is  well  known  that,  in  the  anthracite  coal  districts  of  Penn- 
sylvania, the  materials  there  obtained  from  the  mines  are  the  only  ones 
used  by  smiths  for  any  of  the  purposes  of  their  trade  5  yet  as,  among  the 
numerous  artisans  of  this  class  at  the  Washington  navy  yard,  I  could  find 
none  acquainted  with  its  use  in  common  forge  fires,  I  was  compelled  to 
forego  the  experimenting  which  f»should  otherwise  have  felt  it  a  duty  to 
prosecute  on  this  part  of  the  subject.  The  adaptation  of  the  particular 
kind  of  anthracite  now  under  consideration  to  the  purpose  of  working  iron, 
either  ib  close  or  hollow  fires,  cannot  be  doubted ;  provided  the  requisite 
experience  and  skill,  and  the  proper  arrangement  for  efiecting  the  produc- 
tion and  application  of  its  heat,  be  brought  into  requisition. 

The  combustion  of  a  portion  of  this  anthracite  in  a  well-constructed 
oUic;  grate,  showed  it  to  be  rather  more  difficult  of  ignition  than  the  (so 
€ali»Ml}  red-ash  coals.  It  is  a  fair  type  of  the  gray  or  white-ash  anthracites 
11]'  iJK'  eastern,  end  of  the  southern  and  middle  coal  fields  of  Pennsylvania, 
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both  in  regard  to  exterior  characters  and  general  behaviour  while  undergo - 
.ing  combustion. 

In  the  table  of  deductions,  following  those  of  the  experiments,  will  be 
found  a  synopsis  of  xiie  general  results  obtained  in  regard  to  its  evaporative 
power.  In  that  table  are  47  lines— of  which  Nos.  2,  11,  12,  and  25,  are 
appraximationsj  depending  on  the  estimated  weight  of  coal  on  the  grate 
at  the  beginning  and  ending  6{  '*  steady  action"  for  the  day  ;  and  Nos.  20, 
21,  22,  23,  and  25^  are  dependent  on  the  observations  respecting  the  height 
of  water  in  the  boiler  at  the  same  periods. 

The  following  remarks  apply  generally  to  the  tables  of  experiments : 
The  period  of  steady  pressure^  and  that  of  steady  activity  of  evapo- 
ration, are  generally  diflerent — the  former  being  usually  longest.  The 
dotted  lines  embracing  the  first  of  these  periods,  will  be  seen  to  commence 
on  the  left  of  the  table,  and  include  in  their  range  the  column  of  "  dew 
pointy  by  calculation^^^  and  th^tof  the  ^^  gain  of  temperature  of  air  before 
reaching  the  grate,^^  The  lines  denoting  steady  pressure  comvaetice  dX 
the  column  headed  "  height  of  toater  in  syphon^'*  and  extend  to  the  right 
of  the  table,  with  the  exception  of  the  two  columns  above  mentioned. 
The  numbers  in  the  column  of  "  differences  of  temperature  hettoeen  steam 
and  escaping  gases*^  will,  in  some  instances,  be  found  marked  with  the 
sign  —  before  them,  to  signify  that  the  escaping  gases  were  then  at  a 
lower  temperature  than  the  steam;  whereas  when  the  sign  -f-  is  used,  or 
when  the  number  is  wiihoitt  atiy  sign,  the  gases  are  indicated  to  have 
been  hotter  than  the  steam.  In  the  column  of  "  rematks^^  will  be  found 
noted  the  time  when  the  water  cistern  was  replenished.  This  serves  to 
explain  any  irregularity  which  may  happen  to  occur  about  the  same  time 
in  the  rate  of  supplying  water  to  the  boiler,  which,  as  already  noted,  was 
necessarily  suspended  during  the  time  of  refilling.  The  same  column 
-contains  such  notes  on  the  state  of  the  atmosphere  as  were  considered  to 
have  a  bearing,  more  or  less  direct,  on  the  other  observations  relative  to 
-combustion.  / 
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TABLE  I BEAVER  MEADOW 

First  trial — upper  damper  10  inches;  air  plates  closed; 
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84 
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79 
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233 
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0.30 

e9.S6 
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79 
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230 

S5 
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S.61 

0.19 
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80 

74 
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85 

228 
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5  44 

0.21 

e.oo 

79 

73 
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84 

337 

39.99 

0.509 

6.60 

0.30 
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B.30 

30 

73 
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86 

338 

39.98 

0.815 

6.48 

0.30 
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85 

3*7 
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0.515 

6.43 

0.30 
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80 

74 
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84 
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0.30 
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74 
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84 
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74 

160 

34S 

84 
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0.34 
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so 

7* 
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84 

339 
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0-26 
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0.28 
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VlSO 
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0.30 
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75 
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84 
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0.38 
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84 
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0.30 
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74 
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84 
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5.2* 
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S.30 

BS 

74 
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8t 

331 

39.92 
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S.24 
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39.93 
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5.08 

0.34 
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_ 
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86 

75 
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8f 
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0.43 
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87 

76 
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86 
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0.38 
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87 

78 

3GG 
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86 
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S.1S 
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_ 

5.00 

86 

75 
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86 
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0.30 
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" 
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87 

78 
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86 
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0.633 

5.34 

0.30 
0.30 
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6.00 

e.ia 

....... 

74 

69 

R9 
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:: 
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39.93 

29.92 

0.537 
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5.30 
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7189 

- 

7.00 

77 

73 
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84 
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29.90 

0.528 

5  39 

0.34 
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7.25 

76 

,« 
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23S 

34 
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29.90 

0.933 

5.3t 

0.21 

7654 

- 
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*5:oo 

■ft 

70 
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94 
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29.93 

0.475 
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0.13 

7654 

- 

j     5  30 

.". 

70 
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84 
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29.92 

0.417 

6.41 

0.15 
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ih.  lOiii.     Coal  aupplirf  dut- 
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ANTBEACtTE,  FROM  SLOPE  No.  3. 

4/Mni  t/irown  into  chimney,  and  smaii  fitrnaee  in  action. 
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1 

ii 

II. 

til 

REMARKS.— Gnle  surfwe  14.07  square  &M,  teogA  of 

1. 

drcoit  of  hot  nit  ISl  leet,  liHght  of  e(iimn.y  63  feet. 

5 

* 
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75 
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sa 
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30 
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48 
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3.33 

TI.3 

1S8 

46 
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Commeoced  filUng  lank,  water  in  bdkr  0.4  inch  below  nor- 
mil  lerd. 

4.10 

71.4 
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40 
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7S.4 
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63 
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- 
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88 
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~ 
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3U 
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S.40 
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60 
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- 

tG.6 
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13 

<»S 
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10 

S.I67 
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- 

■7.8 
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10 
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- 

67.1 
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—38 

- 

rireon  giMe  at  4A.  3Dm.  >.  m.;  wuar  in  boiler  1.3  inch 
below  noimel  land. 

- 

57.7 
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—88 

- 

Water  adjosted  for  tempenturc. 

Pound*. 

^kke-  ..-....-..,  80.05 

AAea  ..........  73.76 

<JIMm U.0O 

Aabee  behbid  bridfs 3-18 

TotdwaMa    ..........  8S,Bt 

Deduct  wood  aahea      .........      0.468 

T«tel  waste  ftom  coal 88.438 
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TABLE  II.— BEAVER  MEADOW 

Second  trial — tipper  damper  5  inchet  open;  air  plat  fa  closed  f 
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S. 
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\ 
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84 
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84 
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84 
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5.40 

79 

71 
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86 
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0.426 
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- 

Period  of  steady  action  from  1  p.  m.  to  5.55  p.  m.sss4  A.  55m. ;  water  vupplied,  3,607  lbs. ;  coaI». 
during  same  period,  448.75  lbs.;  observaticms  taken,  8  sets;  hence,  water  to  1  of  coal,  dwringsteiidgr 
action,  is  8.037,  (final  result,  7.983.) 
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steam  thrown  into  chimney,  and  small  furnace  in  action. 
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REMARKS.— Grate  sur&ce  14.07  ftquare  feet;  leiurth  of  cir- 
cuit of  hot  air  121  feet;  height  of  chimney  63  net 


ftm«hTge  thrown  on  Wk  of  gnU»,  cotoeneed  firingt 
6A.  30m.  a.  m. 

Water  0.15  inch  above  normal  level;  consumed  124j  Iba.  af 
wood. 

Steam  at  equililmum;  an  additional  weight  on  safety 
valve. 

Additional  weight  on  safety  valve  removed;  steam  blows  off; 
lower  damper  now  dosed. 

Lower  damper  again  opened. 

Dew  point,  by  observation,  69^.8;  at  same  place,  by  calcula- 
tion, 70*>. 

Steam  fallen  too  low  to  blow  off. 

Steam  blowing  off;  wind  8W.,  brisk;  sky  clear. 

Lower  damper  closed;  very  large  lumps  in  4th  charge  of 
coal. 


0.681 
0.411 


1.6171 
0.540 

1.325 

2.288 


3.091 
2.194 


L738 
2.670 


1.18L 
1.1121 


1.503 


Dew  point,  by  observation,  68^;  at  same  placci  by  calcula* 
tion,  68°.  9. 

Commenced  drawing  gases  at  9k.  8m.  f  drew  in  21  min- 
utes 100  cubic  inches,  which  gave  0.75  grain  of  water, 
5.46  grains  of  carbonic  add,  and  12.88  cubic  inches  of 
oxygen. 

Tank  partly  filled;  commenced  drawing  gases  at  6A.  Im. 
p.  m.;  drew  in  8  minutes  100  cubic  inches,  which 
gave  0.57  grain  of  water,  and  4.39  grains  of  carbonic 
add. 

Filledtank. 


Contents  of  ai^  pit  thrown  on  grate. 

/  Water  left  in  boiler  1.9  inch  above  normal  level;  after  Itll^ 
c     ing  up,  water  at  usual  working  lev^. 

At  4A.  40m.,  temperature  of  water  288^  and  1.3  inch  below 

ncmnal  level. 
Water  adjusted  fer  temperature. 


RESIDUA. 


CUaker 

Ashss 
Ashssbshiad  bridge 

Total 
Dedoawood  sshes 

Total  waste  of  coal 


184.36 

98.8$ 
280 

lOiiOS 
0.381 
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TABLE  ih._bx;&v:ek  meadow 

Thir^  triai—vpper  damper  10  inehea  open; 


1 

i 

a 

I 

i 

■8 

.S 

.a 

li 

» 

'Si 

f 

1 

•5 

? 

■s 

1 

1 

1 

1 

.    He 

6.30 

0.30 

108.00 

i'M 

80 

73 

S« 

SO 

326 

39! 99    0.647 

6.03 

0.33 

108.00 

6.30 

80 

78 

214 

- 

ee 

237 

80.01    0.608 

4,66 

0.23 

~ 

10«.00 

700 

81 

73 

308 

»0 

ss 

239 

30.03'   0.500 

6.66 

0.33 

848 

99.76 

7.30 

83 

206 

230 

86 

328 

30.03    0.620 

6.37 

0.34 

S.Ofl 
B.30 

sat 

7» 

SOS 

348 

86 

229 

30.03j    0.530 

6.37 

0.34 
0.86 

SS3 
000 

~ 

83 

n 

818 

354 

86 

330 

30.02'   0.637 

6.2<! 

9.00 
10.  IS 

84 

84 

78 

71.6 

280 
840 

363 
270 

82 

S30 
230 

30.02 
30.03 

0.638 
0.686 

6.24 
6.38 

0.86 

933 

IO9.O0 

"o.m" 

1943 

iffr'-M 

10.  te 

87 

73 

346 

262 

88 

230 

30.01 

0,633 

6.!4 

0.28 

8368 

11.16 

88 

73 

SM 

270 

83 

231 

30.03 

0.635 

6.33 

0,30 

3890 

131.00 

11.4& 

88 

73 

SSO 

280 

62 

330 

30.01 

0.636 

6.  Si 

0.33 

3360 

- 

0.15 

88 

73 

386 

278 

82 

331 

80.01 

0.541 

6.16 

0.33 

_ 

_ 

0.46 

89 

73 

270 

82 

330 

30.01 

0.533 

5.34 

0.38 

4100 

110.00 

1.16 

89 

74 

386 

270 

230 

30.03 

0.537 

6.30 

0.33 

4612 

98.26 

T.SO 

90 

75 

396 

380 

83 

330 

30.01 

0.543 

5.14 

083 

6000 

3.10 

9S 

78 

304 

860 

86 

330 

30.00 

0.636 

6.38 

0.30 

6160 

114.60 

3.50 

91 

79 

310 

275 

86 

131 

30.00 

0.640 

6.17 

0.31 

6636 

- 

4  SO 
4.46 

93 

76 

314 

280 

86 

330 

80.00 

0.637 

6.20 

0.30 

7308 

105.76 

98 

77" 

"320 

"280 

86 

230' 

■i.i. 

'o;55a 

6.00 

0.38 

7666  ■ 

....... 

6.  IS 

94 

78 

340 

230 

88 

.39 

30.01 

0.606 

6.68 

0.83 

8037 

- 

July    I 

*■'"" 

83 

78 

250 

190 

86 

386 

30.03 

0.60! 

6.64 

- 

- 

..0. 

83 

76 

332 

186 

86 

818 

30.04 

0.388 

8.70 

0.14 

9247 

- 

I.  to  4A.  p.  lll.;COil  mpplied,  657  Ib«. ; 
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ANTHRACITE,  PHOM  SLOPE  No.  3. 
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airptateg  open, 

and  tteam  thrown  into  cMntney. 

1 
I 

h 

■ 

1 

REMARKS.— Gnte  nii&tse  14.07  •qmre  teU;  leng*  of 

£■ 

cbcuit  ofhol  «r  181  ft«ti  btight  of eUnD«7  83  fort. 

1 

1 

^ 

s 

1 

Jk.M. 

nm  dulge  of  coal  thrown  on  grate  behind  kindttnf  wood. 

6.40 

M.e 

Ml 

— M 

W«t(W  0.8  inch  riwye  nommJ  Uvrf;  conunenced  ftriag'. 

6.00 

70.3 

14^ 

Coniomed  S6j  Ib«.  oT  wood;  aleam  Uowi  off  under  tingle 

6.30 

08.8 

184 

wo^i  pat  on  ■  aecond  mightt  remoTed  wcond  OMght 
fraraialveatM,  SOm. 

7.«e 

IM.4 

in 

_  8 

1.314 

The  Aird  charge  of  ood  i«diic«d  to  egg  Hte,  nquired  8^ 
pounds  more  to  be  added  (— lUj  pound*)  to  ffll  charge 

67.7 

+  t 

- 

67.7 

ISQ 

IS 

O.SU 

boi. 

•7.7 

l»» 

S4 

0.885 

6,46 

67.S 
•8.0 

3.884 

Wmd  NW.,  dw;  th  pletM  opened. 

».10- 

40 

I.OU 

Dm  point,  ^  ofaaemtMn,  OS". 

l.-il 

33 

S.3S: 

IMS 

•7.5 

161 

39 

3.SSI 

boing  redneed  W  egg  riie,  left  .  «itplu>  of  6*  fwond.  tfUt 

67.ft- 

17! 

.W 

9.06; 

ivBlUngdiKge  box:  making  the  noght  of  a  cb»ge  of  thii 

•T.fl- 

19f 

47 

aH>,(aab^re,)  114*  Ihi. 

0.36 

67.2 

IW 

40 

3.353 

!,00 

M.H 

im 

40 

3.189 

70.0 

Mk 

SO 

3.816 

1t.4» 

•HM 

VK 

30 

3.806 

FiDed  tank  al  SA.  Mm.  p.  m. 

8BJ 
60.4 

44 
M 

I.B48 

4.00 

8.08S 
3,786 

.      _ 

7«.6 

887 

no 

Air  plain  dowdi  coiWwte  of  aah  pit  thrown  on  grate;  *-al>-e* 

double  weighted. 

- 

73.8 

' 

i- 

- 

78.8 

167 

—80 

- 

at  8.4  tndiaa  below  normal  (eret. 

73. « 

140 

—80 

- 

CalK 

Clinker 
AAm 
Aihea  bdiind  bridge   - 


O.fiO 
08.75 
8.BS 
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TABLE  IV.— BEAVEB  MEADOW 
Fourth  trial — tqtptr  damper  5  itu/tei  open;  airplatoa  open; 


s 

I 

1 

•B 

y 

1 

«s 

1 

•s 

•3 

i 

1 

* 

s 

J-ly    1 

~6.00 

83 

76 

232 

186 

86 

318 

30.04 

0.386 

6.  TO 

0.14 

. 

i«8.>e 

8.  IS 

82 

« 

230 

- 

86 

326 

30.04 

0.516 

6.42 

0.20 
0.23 

268 

llOJW 
128.76 

7.16 

'"bs" 

76 

lis 

200 

86 

230 

3o!o5 

0.697 

5.80 

a.oo 

87 

79 

226 

«. 

83 

330 

30.06 

0.627 

6.30 

0.26 

060 

_ 

8.30 
9.00 

88 
87 

78 
78 

334 
288 

344 

S3 
82 

330 

330 

30,04 
30. 04 

0.5*5 
0.530 

6.33 
6,18 

0.35 

990 

112.60 

"o.se" 

"13*0" 

9.30 

m 

79 

248 

360 

SS 

230 

30.94 

0.646 

5.13 

0.30 

1680 

I18.H 

10.16 

90 

88 

854 

258 

83 

280 

30.06 

0.537 

6.30 

0.80 

2082 

_ 

10.46 

93 

80 

3SS 

348 

se 

230 

30.06 

0.627 

5,30 

0.39 

2488 

116.36 

11.  IS 

96 

80 

274 

344 

82 

330 

30.06 

0.530 

5.38 

0.28 

3993 

11.46 

96 

81 

380 

36G 

81 

S3U 

30.06 

0.S32 

6.36 

0.28 

3385 

114.60 

0.16 

94 

81 

28S 

248 

83 

330 

30.05 

0,636 

5,S2 

0.38 

3726 

_ 

0.46 

94 

80 

294 

26V 

84 

330 

30.06 

0,637 

5,30 

0.83 

4160 

100.75 

,M 

89 

80 

313 

260 

86 

330 

30.04    0,686 

6,t2 

0.80 

4778 

i«i.eo 

M 

96 

86 

312 

274 

86 

333 

30.03  i  0.H8 

6.04 

0.86 
0.26 

S362 

128.75 

3.M 

m 

86 

344 

"»66 

88 

238 

80.03 

0.636 

4.33 

8.S0 

96 

87 

370 

230 

90 

232 

80.01 

0.630 

5.28 

03« 

6740 

4.06 

101 

86 

374 

232 

90 

329 

30,00 

0,503 

6.56 

0.26 

7203 

July    2 

8.18 

87 

81 

234 

186 

89 

326 

29,91 

0.493 

5,64 

o.ie 

7213 

' 

8.60 

88 

81 

- 

89 

316 

29.90 

0.373 

6.84 

- 

8533 

- 

43  [  386  3 

ANTHRACITE,  FROM  SLOPE  No.  3. 

tbm  Ikroan  into  chimney,  and  amalljumace  in  action. 


WaUr  in  boiler  O.IS  inch 

firing. 
Wood  cnuUDwd,  89  Ibi.  i 


The  firat  charge  of  coal  wai 

with  fine- 
Filled  tank,  and 


normal  levcL  CoDunenotA 
blowing  off. 
compoaed  of  large  lamps  mixed 
It  Ih.  B6>n.  a.  m. 


The  fifth  diarge  of  coal  (compoKd  of  largo  lunqia)  reduced 
to  egg  oae,  gam  1 14^  Iha.  to  3  ctibic  feet.  -  , 

Wind  8.,  light;  dew  point,  by  olwermtioni  77';  by  calcn- 
laCkm,  at  nme  phKO,  77''.S. 

Wind  NE-i  clear. 

Wind  E.,  light;  dear,  or  with  alight  haxineaa. 
S8  lbs.  of  thia  coal  put  this  day  in  dicing  apparatne,  weighed 
(Jldf  8)  37  Iba.  10  oi. 


'Pavement  JMt  sprinklecl  with  water.     Daw  point,  bj  ob- 

aerration,  76°(  by  oakolation,  alaameplace,  76" .4;  fill< 

ed  tank  at  U.  b&m.;  Taliea  donbly  weighted,  and  air 

plsteecloeed  at  3A.  30n>.j  filtn)  (auk,  contents  irf' Bah  pit 

ihiown  on  grate,  and  axtn  weight  remoroJ  from  valvea 

I      at3A.4Oin.p.m.;tempent[ir«Dfap«nairat8A.60in.,97<'. 

I      Dew  point,  by  ohaerralioa  at  saine  place.  74°.     9tb 

I.    charge  of  coal,  large  lumpa  with  fine:  iDth  charge,  nme. 

Water  in  boiler  left  at  I.I  inch  above  normal  level. 

Water  b  boUer  S.SS  indMa  below  nonnal  level.     Fire  Milt 


Atebddnd  bfidge    - 

TgblidwaDaelinker 


.    181.00 

.   16T.76 

3.87 

171.SJ 

o.«7a 

coal-  ........   lTl.Si3 

3  ibTu  «r 
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TABLE  v.— DEDUCTIONS 


Nature  of  the  data  famished  by  the  respective  tables* 


1 

3 
4 

5 
6 
7 
8 
9 

le 

11 

IS 

la 

14 

15 
16 

17 
18 

19 

HO 

H\ 
22 

U3 

24 
26 

26 
27 

28- 
29. 
36 

ai 

32 
^3 
34 

36 

36 
37 
38 
39 
40 
41 

42 
49 
44 

46 
46 
47 


Total  duration  of  the  experiment,  in  hours         ... 
I>dratioti  of  steads  action,  in  hotim        -  .  .  . 

Area  of  gfsAe,  in  square  feet      ..... 
Area  of  heated  sur^e  of  boiler,  in  square  feet   -  .  - 

Area  of  boiler  exposed  to  direct  radiation,  in  square  feet  - 
Number  of  charges  of  coal  supplied  to  grate       ... 
Total  weight  of  coal  supplied  to  grate,  in  pounds 
Pounds  of  coal  actually  consumed  .... 

Pounds  of  coal  withdrawn  and  separated  after  trial 

Mean  weight,  in  pounds,  of  one  cubic  foot  of  coal 

Pounds  qS  coal  supplied  per  hour,  during  steady  action    - 

Pounds  of  coa}  per  square  foot  of  grate  suriaoe,  per  hour 

Total  waste,  ashes  and  clinker,  firom  100  pouiuis  of  coal  - 

Poirodi  of  clinker  aknae^  from  lOO  pounds  of  ooal 

Katio  of  clinker  to  the  total  waste,  per  cent.        ... 

Toiri  pounds- of  water  auppliad  to  th»  boiler 
Mean  temperature  of  water,  in  degrees  Fahrenheit 
Pounds  of  water  supplied  at  the  end  of  experiment,  to  restore 
leiFel  -...--- 

Deduction  fbr  tentpenkturc  of  water  svpplied  at  end  of  experi- 
ment, in  pounds       ...... 

Pounds  of  water  evaporated  per  hour,  during  steady  action 

Cubic  feet  of  water  per  hour,  during  steady  action 
Pounds  of  water  per  square  foot  of  heated  surface  per  hour,  by 
one  oakmlaiion         ...... 

Pounds  of  water  per  square  feot,  b{y  a  mean  of  several  obser- 
vations        ....... 

Water  evaporated  by  I  of  coal,  from  initial  temp,  (a)  final  result  - 

Water  evaporated  by  I  of  coal,  from  initial  temp,  (b)  during 

steady  actkkn  ....  .  . 

Pounda  of  fqel  evaporating  one  cubic  foot  of  water 
Mean  tamperatun  of  air  entering  below  adi  p^  during  steady 
pre  asure       .-..-.. 
Mean  temperatare  of  wet  bulb  thennom.,  during-  steady  preaaure 
Mean  temperature  of  air  on  anriving  at  the  grate 
Mean  temperature  of  gases  when  arriving  at  the  chimney 
Mean  temperature  of  steam  in  the  boiler  ... 

Mean  temperature  of  attached  thermometer         .  -  - 

Mean  height  of  barometer,  in  iniches      .... 

Mean  number  of  volumes  of  air  in  manometer     .  .  . 

Mean  height  of  moncury  in  manometer*  in  atmos^Aieres   - 
Mean  height  of  water  in  syphon  draught  gauge,  in  inches 
Mean  temperature  of  dew  point,  by  calcdlatbti  ... 
Mean  gain  of  temperature  by  the  air,  before  reaching  grate 
Mean  difference  between  steam  and  escaping  gases 
Water  to  1  of  coal,  corrected  for  temperature  of  water  in  cistern  - 
Water  to  1  of  coal,  from  212^,  corrected  for  temperature  of 
water  in  dstem        --.-.. 
Pounds  of  water,  frt>m212^,  to  one  cubic  foot  of  coal    - 
Watei>  fit>m  212^,  to  one  pound  of  combustible  matter  of  the  fuel 
Mean  prenure^  in  atmospheres,  above  a  vacuum 
Mean  pressure,  in  pounds  per  square  inch,  above  atmosphere 
Condition  of  the  air  pl&tes  at  the  furnace  bridge  ... 
Inches  opening  of  dunper,  (U*  upper,  L.  lower) 


Ist  Trial. 
{Table  I.) 

24.167 
6.167 
14.07 
377.5 
18.76 
10 
1048. 
967.6 
80.6 

62.4 
86.026 
6.114 
9.039 
1.8276 
14.796 
8301. 
840.8 

647. 

81. 
796.53 

12.744 

2.11 

2.213 
8.496 

9.259 
7.3564 

88*».73 
740.7a 
2110.8 
2610.07 
2380.47 
800.08 
29.941 
5.213 
.5398 
.3L45 
710.62 
1290.07 
360.54 
8.4699 

9.6029 
497.98 
10.4^72 
1.4185 
6.1812 
Cloaad. 
U.      10 


2d  Trial. 
{TabUIL) 


! 


24.167 
4v9l7 
14.07 
•377.5 
18.76 
9 
991.25 
85r. 
134.24 

'65.063 
91.27 
6.469 
12.563 
0.8168 
6.5014 
6931. 
'0.6 


712. 

89. 
733.62 

11.738^ 

1.948 

1.92- 
7.9836 

8.037 
7.8286 

880.25 
750.19 
2090.12 
2390.78 
2290.94 
840.5 
89.912 
5.219 
.5276 
.3137 
760.86 
1200.87 
130.37 
7.9482 

8.9128 
490.81 

1  a  1934 
1.4051 

6.9823 
Closed. 
U.   5 


L 
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FROM  TABLES  I,  II,  III,  IV. 
anthracite  coal,  from  slope  No.  3. 


SdTnal. 
(JUk  III.) 

4tib  Trial. 
(TabklV,) 

Averages. 

June  «0. 
24.333 

July  1. 
26.833 

, 

7.26* 

6.417 

14.07 

14.07 

377.6 

877.5 

18.75 

18.76 

11 

10 

1182.75 

1172. 

1078. 

1041. 

103.75 

181. 

112.37 

53.761 

68.6 

54.967 

90.62 

108.67 

94. 1465 

«.441 

7.723 

6.691 

9.778 

16.452 

11.958 

0.8860 

1.0086 

1.012 

8.976 

6.1816 

9.1012 

9247. 

8522. 

\ 

84°.  3 

85'».2 

\ 

1210. 

1310. 

151. 

160. 

841.79 

.  771.82 

785.94 

13.487 

12.34 

12.672 

2.2299 

3.044 

2.0817 

8.2483 

1.969 

8.43 

8.0826 

8.3365 

9.289 

7.069 

8.411 

7.414 

7.7808 

7.595 

880.31 

90^.64 

730.5 

79<>.77 

( 

269°.  38 

263^.54 

.  2380.46 

269«.3l 

2450.85 

2540.002 

230^28 

2800.15 

\ 

82*».44 

830. 13 

— 

30.013 

30.049 

5.213 

5.233 

.5365 

.6338 

.3072 

.386 

.3303 

»J8<».  19 

760.72 

181^07 

^30. 

150O.762 

000 

280.48 

8.8942 

7.9984 

8i2002 

9.4290 

8.9846 

9,2073 

506.92 

.5^H.5 

.'705.64 

10.4519 

10.7538 

10.461G 

1.4262 

1.4C2S 

1.4179 

6.2789 

6.S434 

6.1715 

Open. 
U.      10 

Open. 
U.        5 

" 

HemaritB. 


When  the  damper  was  open  10  inches,  the  coal  left  un- 
bumt  was  at  a  mean  of  92. 12  lbs. ;  when  at  5  inches^ 
it  was  182.62  lbs. 

The  data  for  this  line  will  be  found  at  the  bottom  of  each 
tfible  of  experiments. 


See  notes  at  the  foot  in  tables  of  experiments,  for  thp^ 

data. 
These  numbers  are  derived  (rom  those  next  above  them^ 

by  dividing  by  62.6. 
These  numbers  are  obtained  l^y  di\idiQg  those  of  line  20 

by  those  of  line  4. 


T^cse  temperatures  are  approximations  only,  from  ob- 
tfervations  taken  at  the  mouth  of  the  air  port,  and  rq^ 
duccd  ill  accordance  with  subsequent  observations. 


From  the  numbers  in  line  43,  it  appears  that  the  two 
days'  combustion  with  open  iiir  plates,  gave  results 
higher  than  those  with  the  same  plates  closed. 
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Explanation  of  the  table  of  deductions. 

In  explanation  of  the  preceding,  and  all  the  similar  tables  of  deductions 
which  occur  in  this  report,  it  may  be  stated,  that  the  1st  line.  "  Total  du* 
ration  of  experiment^  in  hours^^^  refers  to  the  time  when  the  fire  was 
lighted  to  commence  the  experiment,  to  that  at  which  the  level  of  water 
in  the  boiler  had  been  adjusted,  and  the  last -set  of  observations  recorded. 
It  will  often  be  found  that  the  moment  of  ending  one  experiment  is  that 
of  commencing  the  next;  and  that,  in  fact,  the  same  set  of  observations 
«erved  for  both.     The  2dl\ne,^^  Duration  of  steady  aclionyin  hourSy^' 
is  a  period  selected  for  the  comparison  of  various  related  quantities  re- 
quiring consideration  in  treating  of  combustion  and  evaporation.    The 
determination  of  this  period  was  generally  fixed  by  an  examination  of  the 
19th  column  of  each  table,  in  which  the  water  evaporated  per  square  foot 
of  absorbing  surface  is  given.     This  period  is  assumed  from  the  time  that 
'Some  one  of  the  charges  of  coal  had  been  all  placed  upon  the  grate.     The 
3d  line  is  devoted  to  recording  the  "  area  of  the  grate,  in  square  feet^^ 
during  each  trial.     In  general,  it  remained  the  same  for  all  the  trials  of  the 
same  sample,  but  occasionally  varied,  even  while  trying  the  same  coal. 
The  4th  line  denotes  the  area  of  the  boiler  and  its  flues  exposed  to  the 
fire,  or  to  the  current  of  flame  and  hot  gas  passing  from  the  furnace  to  the 
chimney.     "  The  area  of  boiler  exposed  to  direct  radiation,'*  is  intended 
to  denote  only  that  part  of  the  lower  arch  of  the  boiler  which  was  directly 
above  the  fuel  on  the  grate.     The  6th,  7th,  8th,  and  9th  lines  explain 
themselves.     TTie  mean  weiglit  in  pounds  of  one  cubic  foot  of  coal,  is  in 
all  cases  found  by  dividing  the  total  weight  of  all  the  charges  recorded,  by 
double  their  number. 

At  the  bottom  of  each  table  of  experiments  will  be  found  a  state- 
ment of  the   coal   supplred  4^ring  the  period  of  steady  action.    That 
weight  divided   by   the   length  of  that  period    in   hours,  as   contained 
in   the   2d  line   of  the   table   of  deductions,  gives   the  11th    line,  viz: 
pounds  of  coal  supplied  per  hour  during  steady  action;  and  the  latter 
Again  divided  by  the  number  in  the  3d  line,  affords  that  in  the  12th  line, 
-or  the  pounds  of  coal  per  square  foot  of  grate  surface  per  hour*    The 
whole  amount  of  ashes  and  clinker  contained  in  the  remarks  at  the  foot 
of  each  table  of  experiments,  divided  by  the  number  in  the  8th  line, 
-gives  the  per  ceiitage  of  waste  entered  in  the  l:ith  line  of  deductio'ns- 
The   weight  of  clinker  alone,  divided  by  the  weight   of  coal  actually 
consumed,  gives  thi?  number  in  the  1 4th  line.     The  nuniber  in  the  14th 
divided  by  that  in  the   13ih  line,  gives  \he  ratio  of  clinker  to  the  total 
waste  contained  in  the  15ih.     The  numbers  of  the  1 6th  line  are  derived 
from  the  last  number  in  the   13th  column — that  which  records  the  weight 
of  water  supplied  to   the   boiler^  in  each  of  the   experimental  tables. 
The  17th  line  is  derived  from  the  6th  column  of  the  experimental  tables, 
*^  temperature  of  water  in  tank^^  by  dividing  the  sum  of  the  numbers 
between  the  horizontal  dotted  lines  crossing  that  column,  by  the  number 
of  observations  recorded  within  the  period  of  steady  pressure^  which 
those  dotted  lines  are  intended  to  indicate.    The  pounds  of  water  stip- 
plied  at  the  end  of  experiment  to  restore  level,  in  the   18th  line,  are 
known  from  the  difference  between  the  number  in  the  16th  Ijne,  and  that 
which  in  the  table  of  experiments  belongs  to  the  last  set  of  observations 
on  the  preceding  day.    Thus,  in  table  I,  we  have  the  last  number  in  the 
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€otumn  of  ♦*  weights  of  water  supplied  to  bwter,'* '8,801  pounds  recorfed 
on  the  morning  of  the  29th  of  June,  and  the  last  number  entered 
on  the  preceding  evening  7,654.  The  difference  of  these,  647,  will  be 
found  as  the  first  number  in  the  18th  line  of  the  table  of  deductions. 
The  19th  line  contains  the  calculated  reduction  which  ought  to  be  made 
on  account  of  the  last  portion  of  water  having  been  evaporated  from  the 
temperature  <Wr230°,  instead  of  the  mean  temperature  of  water  in  tank,  as 
found  in  the  17th  line.  This  reduction  is  found  by  multiplying  the 
weight  of  water  supplied  to  restore  the  level,  by  the  difference  just  men- 
tioned, and  dividing  by  the  sum  of  the  sensible  and  latent  heal  of  steam 
produced  from  water  of  the  temperature  observed  in  (he  tank.  Thus, 
647X(230 — 84) -^  11 54=81+;  and  this  latter  is  the  number  under  the 
first  trial  in  the  19th  line  of  deductions. 

The  water  supplied  to  the  boiler  during  steady  action,  found  in  the  col- 
umn of"  remarks"  of  the  tables  of  experiment,  divided  by  the  numbers  in 
the  2d  line,  gives  that  in  the  20th ;  and  the  latter,  divided  by  62.5,  (the  ' 
weight,  in  pounds,  of  one  cubic  foot  of  water,)  gives  the  number  in  the  21st 
line — ^'^  cubic  feet  of  water  per  hour  during  steady  action,*^  The  number 
of  the  20th  Jine,  divided  by  that  of  the  4th,  {area  of  heated  surface,)  gives 
the  number  in  the  22d  line.  The  23d  line  is  derived  from  the  19ih  col- 
umn of  the  experimental  table,  by  taking  the  mean  of  the  numbers  em- 
braced between  the  horizontal  dotted  lines,  which  there  include  the  period 
cf  steady  activity  of  the  boiler,  not  merely  that  o(  steady  pressure,  as  above 
designated.  It  will  be  observed  that  the  numbers  in  the  32d  and  those 
in  the  23d  line  do  not  always  coincide.  This  may  be  accounted  for  by 
the  fact,  that  the  time  elapsed  between  two  consecutive  observations  is  not 
always  the  same  during  the  period  of  steady  action.  The  difference  be- 
tween the  numbers  in  lines  16  and  19,  divided  by  that  iti  line  8,  gives  the 
number  in  line  24,  viz :  vmter  evaporated  by  one  of  coal  from  initial  tem- 
perature, which  is  the  "final  result''  of  the  day's  operations,  subject  only 
to  a  slight  correction  hereafter  to  be  noticed,  (line  40.)  The  number  in 
the  25th  line  is  derived  from  a  division  of  the  20th  by  the  11th.  It  is,  of 
course,  like  all  the  other  numbers,  dependent  on  the  observation  of  the 
mass  of  coal  at  any  moment  on  the  grate — only  an  approximation,  more  or 
less  near,  to  the  preceding  line.  It  is  useful  in  determining  what  reli- 
ance is  to  be  placed  on  the  other  deductions  depending  on  the  same  ob- 
servation. In  comparing  the  averages  in  43  tables  of  d^cductions,  it  will 
be  found  that  in  23  cases,  lines  24,  or  the  *^  final  results,'*  are  higher  than 
lines  25,  or  results  di^ring  '^steady  action  ;"  and  that  19  cases  of  the  re- 
verse occur.  The  total  of  the  averages  on  lines  numbered  24  is  327.82 
On  those  numbered  25  is  -  -  -  -  -    322.90 


The  difference  of  which  ....  -       4.92^ 

is  1.5  per  cent,  of  the  upper  number.  The  total  weight  of  coal  consumed, 
divided  by  the  total  weight  of  water  evaporated,  reduced  to  cubic  feet, 
gives  the  number  in  the  26th  line.  The  mean  of  the  numbers  included 
in  the  2d  column  of  the  experiment  table,  between  the  dotted  lines  limit- 
ing the  period  of  steady  pressure,  furnishes  the  number  in  line  27th ;  col- 
umn 3d  furnishes  in  a  similar  manner  the  number  in  line  28ih  ,  column 
4th  gives  line  29th;  column  5lh,  line  30lh ;  column  7th,  line  31st;  coU 
unm  8th,  line  32d;  column  9th,  line  33d    column  11th,  line  34th;  col- 
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uiBa  lOtby  line  35th;  cohuun  12tb,  line  d6th.  In  this  I9M  oase^  it  is  the 
period  of  steady  action  which  is  limited  by  the  horizontal  dotted  linear 
not  that  of  steady  pres$ure^  as  in  several  of  the  preceding.  Line  37th  is 
derived  by  taking  the  mean  of  the  number^  between  the  dotted  lines  in 
column  16th ;  line  38th,  in  a  similar  manner  from  column  17th  ;  and  line 
d9th,  from  column  18th,  as  limited  by  the  dotted  line  of  steady  action. 
Line  40  is  obtained  by  multiplying  the  number  in  line  1fe4  by  the  co« 
efficient  of  expansion  of  water  (as  given  in  a  preceding  part  of  this  report) 
for  the  mean  temperature,  as  comaiued  in  line  17th.  The  number  in 
line  41  is  found  by  multiplying  that  in  line  40  by  the  sum  of  the  sensi-^ 
ble  and  latent  heat  imparted  to  the  water,  and  dividing  by  the  latent 
heat  of  steam  at  212°.  The  number  in  the  41st  line,  muhiplied  by  that 
in  the  lt)th,  gives  the  weight  of  water  evaporated  from  ^12°  by  one 
cubic  foot  of  coal,  as  coniained  in  the  42d  line  ;  and,  again,  the  number 
in  the  41st,  divided  by  the  per  centage  of  combustible  matter  of  the  eoalj 
(obtained  by  deducting  the  number  in  line  13th  from  100,)  gives  the  num« 
ber  in  line  43^  The  mode  of  obtaining  the  numbers  in  lines  44  and  45 
has  already  been  explained.  The  entries  in  lines  46  and  47  are  taken 
from  the  headings  of  the  tables  of  experiments.  The  av^erages  of  so  many 
only  of  the  foregoing  deductipns  have  been  taken  as  are  necessary  for 
forming  the  synoptical  table  at  the  end  of  each  class  of  coals. 


Z' 
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No."  2* 

^nthracitt  from  Beaver  Meadow  Railroad  and  Coal  Comg^Bl^li  4WI^ 

No.  5* 

Tliis  coal,  referred  to  in  the  certificate  already  copied,  was  received  lit 
the  same  time,  and  in  a  simitar  condition  as  regards  size  of  pieces,  with 
that  just  described. 

In  external  characters,  it  differs  to  some  extent  from  that  sample.  The 
color  is  jet  black ;  lustre  brilliant ;  fracture  variable,  uneven,  spUntery, 
and  often  flat-conchoidal  The  surfaces  of  deposition  are  seldoiit  foli^yr* 
od  by  the  frsTcture  of  the  coal  A  slight  irid(^s<;ence  is  o^ccasionajlj  .isaeOi 
indicaiing  the  presence  of  a  film  of  suTphuret  of  irpn.    The  specific  gr^yi- 

'  ties  of  two  specimeiis  were  found  to  be,  respectively,  1.5521?,  and  l.,$4?Jl^; 
and  the  calculated  weight  of  a  cubic  foot  in  the  i^ine  is  9Q,9^  po^^ijd^li 
whereas  the  actual  weight  of  the  coal  as  received  was  56.J324  pounds..per 

'cubic  foot,  as  determined  by  forty  trials  of  weight  in  the  charge  bax>J»- 
quiring  39.77  feet  of  space  to  stow  one  gross  ton.  From  this  siatenieftt,  jt 
appears  that  the  weight  in  the  merchantable  condition  is  to  the  calpvifet^ii 
weight  in  the  mine  as  0.5797  to  1.  Three  boxes  reduced  to  qgg  sij^e  g^kve 
respectively  111,  114i,  and  112  pounds  per  box,  or,  on  an  viverage,  ^^.^9 

\  pounds  per  cubic  foot, 

ITie  proportion  of  moisture  obtained  in  the  analysis  of  tthe  two  speci* 

"  ^ens  above  referred  to  was  1.S23  and  1.6,  which  appears'to  have  bp^ 

'^ above  the  average;  since  28  pounds,  exposed  in  the  drying  apps^atua 

.  connected  with  the  boiler,  gave  in  three  days  a  loss  of  only  four  ouhjcep, 
or  0.892  per  cent.  The  trial  of  100  grains  of  the*  speciqien  having  a  snp- 
cific  gravity  of  1.5491,  yielded  of  sulphur  .062  of  a  grain. 

The  total  volatile  matter,  by  a  mean  of  two  trials,  was  found  to  be  for 
the  same  specimens  368  per  cent.  Four  trials  by  Dr.  King  on  two  other 
specttnens  of  this  coal  gave  a  mean  of  5.312 ;  so  that  the  mean  of  four 
specimens  is  4.496.  The  quantity  of  earthy  matter  in  this  anthracite,  as 
determined  by  four  trials  on  each  specimen,  was  2,^2  per  cent,  for  the  first, 
and  2.7  for  the  second. 

The  character  of  the  ashes  obtained  in  this  analysis  is  that  of  a  light 

Awn-colored  powder,  of  moderate  density,  exhibiting  no  tendency  to 

agglutinate  at  the  temperature   employed  to   produce   i\m   inciiieraitioii^ 

which  was  that  of  a  muffle  kept  for  some  hours  at  a  very  bright  redhsAt. 

1  In  the  trials  of  evaporative  power,  as  exhibited  in  tables  VI,  VII,  VIII, 

-  and  IX,  wticb  follow,  it  wilt  be  seen  that  the  amount  of  waste,  indiiding 
both  clinker  and  ashes,  witli  such  portions  of  fine  anthracite  as  escap<»a 

-  separation  by  the  sieve,  varied  from  5.722  to  7.696  pel*  cent,  in  the  re-* 
spective  trials  ;  and  that  it  was  on  an  average  6.745  per  cent.    Tlio  num- 

i^ber  of  pounds  of  coal  actually  consumed  was  4,250.5  ;  and  the  total  waste, 
.  after  dedtictiog  tt^  ashes  of  wood   used  in  raising  tompi>r;)tnre,  was 

l£3.043.pounds,  or  6.659  per  cent,  of  the  whole.  The  total  clinker  wns  2^.5 

fpoands  =:  0.6224  per  cent,  of  the  r oal. 

The  actual  mean  {iropocrtiou  of  eartliy  ingredients  and  motxilitc  oxides  in 

this  sample  was  found  to  be  5.149  per  cent. 
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Aiteiltsa§  the  six  Irialt fMT  Tolaltie  aptier  to  tmnUtiutm  amrtge  of 
Ifaiit  BMiteffMd,  vis :  4.496  per  cent,  and  this  detennination  oa  the  large 
«»!•  to  give  the  true  amount  of  earthy  iogredieots,  we  ehall  have  for  tho 
Jkoed  carbfm  90.355  per  ceat ;  whereas  the  analysis  of  the  two  hand  wg^^ 
ciineiis  gave-^ 

Volatile  matter      .  .  .  •      3.66 

Earthy  matter        .  •  .  .      2.46 

Fixed  carbou         ....    93.86 


100. 


The  ashes  are  of  a  dark  gray  color,  and  weigh  51.4  pounds  per  cubic 
foot 

The  clinker  is  mostly  in  small  fragments — ^partly  dark  iron  gray,  partly 
yellowish  white.  The  lighter  colored  portions  are  porous  and  friable^ 
darker  portions  fused ;  none  very  compact.  Weight  per  cubic  foot,  by  ex- 
periment, 35  pounds. 

The  material  swept  from  the  flues  after  four  days'  burning  of  this  an- 
thracite was  7  pounds,  weighing  at  the  rate  of  26.97  pounds  per  cubic 
foot;  showing  a  greater  density  than  that  of  any  other  sample  of  soot 
and  dust  obtained  during  this  research.  As  the  carbonaceous  matter  was 
wholly  derived  from  the  wood,  it  might  be  expected  that  the  remaining 
material  in  the  flues  should  be  found  approximating  the  weight  of  the 
earthy  matters  of  the  anthracite.  Such  will,  in  general,  be  found  to  be 
the  case ;  and  the  difference  in  this  respect  between  coals  of  this  charac- 
ter, and  those  highly  bituminous  coals  which  send  forth  a  copious  vol- 
ume of  black  smoke,  will  be  sufficiently  marked.  The  times  required  for 
bringing  the  boiler  into  steady  action,  after  the  charging  with  this  coal  had 
been  commenced,  were  as  follows : 

First  trial    -            -            -  -  /    - 

Second  trial  •            -            -  -  - 

Third  trial    ...  -  - 

Fourth  trial  -           -           -  -  - 

.  Mean     -  .  .  - 

.  This  indicates  a  greater  facility  of  ignition  than  was  found  in  the  pre* 
ceding  sample ;  and  the  relation  between  the  two  is  expressed  by  the- 
numbers  2.416  and  3.866. 

The  quantities  of  anthracite  withdrawn  and  separated  after  the  several 
trials,  were  89, 42.75,  QQy  and  47.5  pounds,  or  an  average  of  61.31  pounds  ; 
while  for  the  preceding  sample  the  average  is  112|  pounds. 

The  general  principle,  that  the  slowness  in  bringing  the  boiler  to  steady 
action,  and  the  amount  of  uoburned  anthracite  left  on  the  grate,  are  alike 
indicative  of  the  difficulty  of  commencing  and  sustaining  the  ignition  of 
the  anthracites,  is  rendered  at  least  probable  by  the  approximate  relation 
between  the  above  numbers.  For  3.866  :  2.416  : :  112.375  :  70.25.  The 
last  number  is  the  calculated  amount  of  unbumt  anthracite  in  the  sample- 
now  under  consideration  ;  whereas  experiment  gives  61.31. 
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InaiJbBrilliig'tpBga^  ortettv'Afo  and  the  {Receding  Minple  to  com* 
plete  igoitioDy  either  in  a  platinum  crucible  or  an  iron  retort,  the  iMrai  of 
the  fragments  remaioed  unaltered.  A  combvstiUe  gttfl|  wbkli  bumtd  with 
a  light  blue  flame,  accompanied  in  some  cases  with  minute  eeintiUatiMi  of 
a  brighter  light 
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85 
85 

65 
65 

376 

382 

284 
294 

82 
82 

230 
23« 

80  30.11 
80  30.14 

0  537 
0.551 

6.20 

0.30 

5783  108.76 

5.06 

0.32 

6118  *'  '-" 

8.30 

85 

66* 

378 

290 

82 

230 

81 

30.14 

0.549 

5.08  0.32 

6626   - 

4.00 

86 

67 

38S 

270 

82 

230 

81 

30.12 

0  541 

5.16  0.31 

7108   - 

4.45 

87 

67 

388 

276 

82 

230 

81 

30.12 

0.548 

5.10 

0.31 
0.28 

7673 
8215 

6.20 

85 

64 

376 

274 

84 

229 

81 

30.12 

0.526 

5.32 

• 

6.86 

85 

65 

375 

265 

84 

227 

81 

30.12 

0.627 

5.80  0.24 

9098   - 

Jtal>-  7 

A*  M. 

6.25 

73 

67 

220 

190 

81 

221 

73 

30.10 

0.464 

5.92  0.10 

9108   -> 

6.15 

72 

68 

218 

180 

81 

205 

72 

30.11 

0.356 

7.00  012 

10518   - 

Period 
tStlbs.; 


of  steady  action  this  clay,  from  9  a.  m»  to3p.m.  "^O  hours;  coal  supplied  to  gmle^ 
water  to  boUer,  5,237.83  lbs.;  water  to  1  of  coal,  7.948. 


53^ 
ANTBH ACITte,  imtiM-  SLO WB  No." ;  5. 

V 
«  1 

steam  throutn  into  chimney^  and  smaUJttmace  in  action , 


[l3«I3j 


I 

I 

1 


Stta 


$.00 

aaft 

U)«10 
UJOO 


0.00 
0.30 
1.40 
M9 


I 


i 


513.7 
59.1 


40^ 

.*.•*••.■ 
44^ 
40.3. 
49^ 
49.0 
40^ 

49.^ 
66.1 
55.2 
54.7 

54.7 
54.T 
58vl 
57*7 


53.7 
54.7 

64.0 
66.0 


e 


£  to 

ll 


ft 


It 


55 

45 

47 

63 

68 
86 


•  n*  •  .  ..  I 


98 
133 
141 
154*. 
300 

330 
348 
300 
391 

397 
393 
803 
301 


391 
390 

147 
146 


0 

6 

16 
23 


39 

40 
53 
60 
65 
55 

50 
33 
30 
54 


64 
60 
40 
45 

45 
38 

—SI 
--.35 


7 


I 


■..  "■ 


0.657 


1.717 


0.933 

3.034 
3.649 
^378 
3.497 
1.490 

3.641 
3.079 
2.396 
3.136 


1.776 
3.6*1 
3.553 
1.996 

3.461 


REMARKa-rCMe  sOr^Me  14.07  sqmrefeet;  k^gth  of 
oiicuit  of  he«t^  tfr.  131  iMt^  height  of  elffiniMy  68^et 


First  charge  tkrQwn  b«bM  wood  ott  gmte^  ftntCir  #i  nor 

mal  level;  commenced  firing. 
Steam  at  equHftniKiL 
Steam  blowing  off)  "water  in  boiler  0.3  kich  ri»oi»e 

Tlle-thiid  charge  eonaiato  of  one  lavga,  an4  tfM  teift 


'!•  t 


Wind  NE.,  btisk,  olepr. 
A  charge. of  Oils, coal  vediiiced.to  ogg^ij^wdlltodi^]  Iba. 
CommeiwedriSSng^tank  ai  1  Ih,  4t0n^'  a.  in.»  totttAkkji  at  m. 
A  second  chargo  of  this  eoal  w^aed  to  egg  aiiril  ^fMghal 


114}  Ibe. 


i 


\'  * 


FiDed  tank  at  lA.  SOni.  p.  m. 

» 

Wind  NW.,  clear. 

•• 

Contents  of  ash  pit  tturowto  on  grate  at  3A:  55iM.  b.  fn. 

I  ^      "     '    I 

FiOad  tank.  '  •    \- 

Water  in  boiler  left  at  3.1   inches  above  Rormal  lefdi 

damper  redneed  to  5  inohes.  • 
Wafer  in  boiler  foond  at  3.9  inchea  below  nortMtaltlelraL 
Water  in  boiler  adjusted. 


]  I    ■  'I 


RESIDUA. 


Olinker 

Aabea 

gdt^  (warn  hdiiiid  ImiiIbw 

IVHit  ashei  and  dinker 
Deduct  wood  ashes  - 


§.75    * 
46.00 


re 


.   <      ' 


Total  waste  firom  coal 


66.833 


OalBa 


47.30 


C,386] 
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TABLB  VII.--BBAVHI  MBADOVf 
Second  trial — tq^per  damper  5  inches  open  ;  air 


Cute. 


TKXPBmATVBKS 


July  7 


<i 


^■^  8 


^n^B* 


Hour. 


A*  in* 

▲.  M. 

6.16 


7.16 
7.80 
8.80 


9.80 
10.10 
10.80 

ILOO 

11.80 

r.  H. 

OUN> 

0.80 

1.00 


1.80 
8.00 
8.80 
8.00 
8.80 
4.16 

4.'60 

6.80 
6.00 
6.80 


6.48 

4.30 
6.84 


72 

78 

74 
74 

75 

78 


78 
79 
80 

98 

88 

84 
86 
87 


88 
88 
89 
89 
91 
91 

98 

91 
91 
91 


90 

78 
76 


I 


68 

67 

68 
07 
68 
70 


70 

71 
71 

78 

78 

74 
74 
76 


76 
74 
76 
76 
76 
76 

76 

77 
77 
77 


i 


iff 
s 


218 

204 

20<^ 
198 
196 
800 


304 
220 
226 


6* 


J 


180 

880 

244 
244 

248 
280 


264 
260 

2601 


286  844 

2481  240 


78 

66 
66 


268 
264 
270 


278 
284 
300 
308 
816 
828 

884 

342 
364 

360 


360 

266 
254 


266 
264 


260 
250 
272 
270 
268 
260 

254 

260 
260 
250 


236 

220 
200 


.fl 
I 


81 

81 

80 
81 
81 
81 


80 
80 
78 

78 

78 

78 
78 
78 


78 
78 
78 
78 
80 
80 

85 

86 
A6 
86 


86 

84 

84 


.fl 


OD 


206 

226 

226 
227 
227 
227 


228 
228 

228 

228 


2271 

228 

228 


229 
229 
229 
229 
229 
229 

228 

228 
227 
228 


227 

226 
212 


i 


72 

72 

72 
78 
74 
70 


77 
79 
80 

80 

81 

82 
88 
84 


86 
86 
%6 
87 
88 
88 

89 

89 
89 
89 


I 


30.11 

80.10 

80.09 
80.09 
30.07 
80.07 


80.07 
80.06 
80.06 

80.04 

80.04 

80.02 
30.00 
29.99 


29.99 
29.95 
29.95 
29.94 
29.98 
29.92 

29.91 

29.90 
29.90 
29.90 


88 


77 


29.91 

29.96 
29.92 


0.856 

0.516 

0.626 
0.628 
0.525 
0.627 


0.633 
0.540 
0.631 

0.681 

0.681 

0.627 
0.637 
0.637 


0.640 
0.530 
0.648 
0.586 
0.587 
0.687 

0.687 

0.623 
0.631 
0.681 


0.683 

0.606 
0.858 


.S 

'a  5 
I 


7.00 

6.42 

6.82 
6.84 
5.32 
6.30 


6.24 
8.17 
6.26 

5.26 

6.26 

6.80 
6.20 


5.17 
5.27 
6.10 
6.22 
6.20 
6.20 

6.20 

5.34 
6.26 
5.26 


6.24 

6.60 
T02 


I 


0.12 

0.18 

0.20 
0.20 
0.20 
0.26 


0. 

0.26 

0. 


0.29 


0.2 1 

0.21 
0.26 


6.20  0.26 


0.80 
0.25 
0.28 
0.27 
0.26 
0.27 
....... 

0.27 

0.26 
0.26 
0.24 

0.19 

0.18 
0.18 


r 


■8 
't 


170 
328 
490 

680 

902 

1147 

1899 


1667 

1907 
2162 
2666 


I  I  ■»  .■ 


I 


6262 
6419 
6887 

7667 

7667 
9^2 


108.76 
117.00 
116.76 


118.60 


116.00 


111.60 


8006 
8434 
3774 
4097 
4987 
6247 

6679f      - 


111.26 
106.76 

109.00 


126.00 


llf  liH 


tmoi  of  itoadj  adion,  ftom  lOA.  46fii.  a.  m.  to  4A.  p.  m.«-6A.  16fii./  cotl  mipp^od  to 
487.6  lb*. ;  WBlsr  to  boitor»  8,764  Hm. 


'.  «  J 


L 


jgUltes  cU^dy  undMtam  thrown  inta  cf^mf^^ 


imi 


RBMARKa— Gnvie  sv&m  14.07  mimnfk^ka^^ 
drcuftoflieftted  air  181  feet;  height  of  ehinmey  68  fiNt 


4.30 
4.00 


.6.46 


70.0 
69.1 
70  3 
70.3 
71.2 
7l.a 

70.0 

7«.7 
72.7 
72.7 


74.4 

00.8 
00.8 


100 
196 
811 
819 
225 
837 

848 

261 
208 
269 


270 

178 
178 


Water  bnmght to  0.06  iiidiebovenonHlle«el|  let./^«M 

thrown  behind  wood  on  grate. 
Woodecneumed,  119  Ibe.;  iteaaiate^i^ffihviBqii  wiai9.t 

hriak{  ran  obacored. 
Steam  Uowing  ofil 


20 

0,477 

22 

1.279 

28 

1.047 

10 

L836 

12 

C[.890 

17 

1.801 

28 

1.351 

36 

2.665 

31 

U821 

21 

2.273 

43 

1.801 

41 

1.711 

39 

2.596 

31 

'2.331 

20 

1.507 

22 

2.674 

28 

0.885 

22 

2.215 

8 

- 

—  6 

^ 

—18 

.- 

Wind  aw.»  Mik. 
Filled  tank. 


Wind  8.,  dear. 

At  Ih,  15m.  p.  m.,  dr^  in  16  mkivtae  106  enlk 
of  gaaea,  which  gave  0.00  gr.  of  wvler,  6J6 
caih.  add,  and  14.606  cobie  inchea  of  oi^fHi  |mi. 


Filled  tank  at  4h»  SOm.  p.  m. 

Dew  point»  by  obaerration,  72^i  by  calculatknv  9tL 

plaoe,71^6. 
Wind  8W.,  briak. 

Contenta  of  aah  pit  thrown  on  grated 

Water  in  boiler  left  at  2.4  indiei  abote  nopnal  Imrel. 


Water  ibnnd  move  than  3.6  tndiee  below 
Water  in  boiler  ycguflted;  0reonirateu 


RBSIDUA. 


Adiee 

AdMi  from  beUnd  bridge 


7.8t 
60.70 
10.60 


Deduct  wood  adiea 
T«lil  waata  fram  oeal 

^CclEa 


77.106 


00. 


iM^^ 


96 


Third  trial— upp^-Mmpti^Xt^  ineA)ti^i)fkn  f  ^itphiHa  npeh'Jt^ 


FimI  ^HMidy  lUitidhllik  day.  fhmi  8^  I6iii.  a.  ita.  io  5ik.  p.  iii.^8^  llHii*     CM  iupplied  t» 
^  fnto»  779.S5  Vbk^  iMm  lb  \M»,  7,t»f  «76  m,%  behte«  water  U>  I  ofe^aHbfr  tbe  pelM,  8.409. 


\  .     ' 


».  \ 


ftam^'MlWMWnMnt  tHh  tUmitt!!,  and  imall/t 


E«8  3 


. 

J 

i- 

RralARB!S.-Onti«urftte  14.07  nDu«iMjlai|A 

^dftuh  if  Uot  At  131  feet,  hri#t  rf  flliinrit^* 

i 

1 

1 

i 

1 

i 

A.m. 

Tint  durftn  Ihwwn  on  bwk  rfg^to.  b*iW  wood,  , 

(I.OA 

_!!l 

Cbmmehoed  Uniig;  water  (T.OT  uicfa  lUM  HofWU 

iiteJitt 

IH 

t±9 

ISB 

+s<t 

- 

letejj  >d£liaii>l  wdgbl  u)  Mfily  ♦.he. 
Water  in  boiler  0.8  inch  •boVb  nohntf  I«tU;  »m- 
(lontl  ndght  remorad  ffOU  ttiHf  t*Hi  atsHB 
blowf'off. 

llA^ 

T.ao 

6X4 

ISO 

« 

- 

Water  in  boOer  (1.9  ineU  ri>ove  norbnl  feWl.  St*  ram 
of  hole*  (mened  in  ait  pkle*. 

-. 

BS.g 

IS) 

0.931 

Waier  inboilor  A  hormU  lewl,  fillMttnk  «t  8*. 

lOC^ 

8.16 

5i.4 
WA 

18B 
IM 

39 

1.933 

- 

Wina  w.,  tighi,  «m  iMioh.^.  b«  boy. 

IIU 

87 

I.SOt 

Plwad  3(t  lb.,  of  tbii  wd  in  liilefcet »  flry. 

m.7 

31X1 

3i 

i.mB 

n7  5 

«l)l 

3U 

0.B8T 

IHM 

11.10 

eo.7 

SIS 

BO 

1.843 

ilfUo 

0:10 

5(1 « 

313 

7« 

3,H!l 

A  charge  of  ffiU  toal'  brAea  to  eR  rizo  wd^ed 

an 

70 

tl2  tbi. 

\\n 

1.00 

B4.» 

a.n 

S4 

1  B47 

l.«6 

ftlf.9 

SB! 

78 

'S.B41 

fl!>.1 

29S 

78 

8.091 

nned  fiuik  at  3A.  p.  m. 

uvn 

a.» 

Hltt 

ais 

58 

3.543 

paiatiiB  having  breowe  ilmngBd,  tlte  A«>riDK  wa> 

mt 

S3 

3.490 

TO.) 

S3i 

SB 

l.3fll 

at  4A.   38ni.  p.  m. ;  dnn'b)  H  mlmtM;  60  cubie 

(IS.S 

HI) 

tSfil 

inihtx,  Whlth  ga>eO:S7  gninrf  wrtCT,  ai99pwn. 

of  calboriic  adJ,  Mid"8.68  cuWc  indjw  itf  oxygen 

IA.7& 

11.00 

Ran 

!ni 

tiii 

ga>.      Tmoi]  taitk  lit  Si,  807».  p,  m. 

_ 

_ 

7B.6 

»i 

3S 

1.033 

Content,  of  rub  pit  Ihrimn  on  gnte  at^ft.  lOn.  1  air 

pIstM  cloud,  &ild  Tahei  double  Vtii^Uti. 

A-at»e.  unlofldtdi  damper  reduced  toO  ificW 

M.A 

lU 

—SO 

Watei  in  boiler  not  TiMbls  in  tube  of  wat«  gavfe. 

- 

- 

S4.fi 

11:) 

- 

Water  in  boiler  adjiMted. 

Tatal 
C<fc« 


WMie  fron  coal 


74.61i 
43.75 


C3W1 


Dtto. 


(tijU 


i    > 


iv^ll 


H<»«r< 


▲  M. 

6.36 
7.10 

aoo 

B.dO 


o.oe 

0.80 
10.00 

10.40 
11.10 
11.40 

?•«• 

0.16 


i0.4« 
1.S6 
tl.00 
%dO 
8.90 
4.00 
4.40 


6.30 


0,00 
O.IO 

A.X* 

0.16 
7.46 
8.86 


I 


P 

O 


76 

78 
79 
79.6 


30 
81 
88 

88 

86 
84.6 

86 


84^ 

84 

84 
86 
80 
87 

180 


88 


180.6 
80 

78 
70 
79 


i 


1 


9 


71 

73.6 

76 

74.6 


76 
76 
76 

76 
74 
75 

75 


74.6 

76 
70 
76 
76 
70 
78 


76 


78 
76 

74 

74 
74 


I 


j 


164 
164 
164 
166 


175 
184 
194 

804 
814 
823 


880 
88< 
834 
848 
864 
868 
870 


874 


384 
888 

884 
813 
810] 


I 


183 
844 
860 
346 


I 

.S 
I 


83 
83 
81 
81 


848 
348 
348 

864 

844 
844 


334   340 


348 
368 
348 
346 
848 
340 


348 


348 
340 

343 

318 
314 


81 
81 
81 

81 
81 
80 

80 


81 
81 
81 
81 
81 
81 
81 


81 


83 
88 

83 
82 
83 


186 
336 


380  78 


328 


330 
230 
330 


380 
330 


33083 


33084 


330 
830 


33081 


339 
380 
330 
329 


330 


333 
339 


32878 


237 
208 


77 
77.6 


79 


80 
80 
81 


88 

83 
83 


84 
84 


84 
84 
85 
85 


86 


86 
84.5 


79 
70 


30.91 

sots 

39.881 
39.88 


39.88 
39.88 
39.88 

30.88 
39.88 
38.88 

39.88 


38.88 

29.87 
29.881 
29.87 
29.85 
89.85 
29.84 


20.84 


29.84 
29.84 

29.88 
29.91 
39.90 


0.846 
0.610 
0.6^6 
0.517 


0.629 
0.629 
0.637 

0.639 
0  624 
0.633 

0.637 


0.633 
0.623 
0.532 
0.630 
0.625 
0.523 
0.518 


0.623 


0.535 
0.494 

0.516 
0.506 
0.348 


7.10 
5.46 
6.33 
5.40 


6.38 
5.38 
6.30 

&38 
6.83 
6.84 

6.30 


6.34 
6.33 
6.35 
6.37 
5.33 
5.34 
5.39 


5.34 


5.33 
6.63 

5.40 
5.61 
7.08 


I 

.0 

I 

-a 


0.00 
0.17 
0.88 
0.31 

0.33 
0.33 
0.30 


0.33 
0.30 
0.30 

0.30 


0.33 
0.33 
0.21 
0.31 
0.30 
0.30 


0.30 

0.18 
0.18 

0.18 
0.16 
0.13 


108.75 
116.00 

160118.16 
379 


663 

866 
1134 


1387 
1553 
1767 


33861 
^2632 
2808 
314311 
3397 
3647 
3990 


4344 

4414 

5091 

5004 
6094 
7194 


114.00 


119.76t 


1968      . 


119.00 
1.76 


133.00 


The  mAod  of  steadj  action th»  day  if  from  9A.  66m.  a.  m.  to  Ah.  86m.  p.  m.«84.  40fi».{  608l 
•opplMd  to  grate  in  that  time,  473.6  lbe.(  wHter  to  boiler,  3,860  Iba. 


*.  . 


»      .'  . 


".•  -J, 


caw:] 


AimniACITE,  FROM  SLOPE  No.  5. 
itl€At»  6pen  ;■  oirpiatta  open  i  rmm. 


i 
1 

■^s 

RBMARKS.-«T>te>u&eel4.07.qiMniMt|  Ingth  if 

i 

drcnitof  bet  tir  131  fact;  hught  oT  duffliMr  83  te. 

3 

^ 

Fint  cbHga  of  ood  Ihimro  on  gnt*  behind  mnd. 

».» 

M 

—  4 

7.10 

71.7 

8S 

-(-18 

WMd  in  boiler  0.33  inch  tbo*.  oohomX  bW  i   Mw 

7.49 

7».ft 

30 

0.471 

blowiMoff 

- 

7X8 

SO.B 

18 
Ifl 

1.S13 
0.817 

_ 

n.» 

H 

7S.S 

108 

18 

1.884 

t.U 

7S.ft. 
73.6 

lit 

lai 

IB 

1.S67 

_ 

M 

1.048 

F^Dedtnk. 

11.10 

139 

U 

0.874 

- 

71.1 

187J 

10 

1.088 

WindSW.,  ekmdr. 

T1.5 

tm 

IB 

0.886 

ttlw  100  ciJm  inebes  whk^  |«tc  0.86  (nu  of  wdv, 
8.86  sniD*  «f  cxbonio  «c*d,  «id  10.39  Mbwhuhw 
of  oJtjgragM. 

70.9 

I.SII 

l.«0 

83 

lis 

tH 

1.836 

bJuai  wUla  (M  •»>  dnwD,  wUcb  auiNi  tb*  bluk 

78-3 

lU 

as 

0.171 

in  tiMt  coluinn. 

3.06 

7l.fi 

107 

19 

1.801 

71.S 

lis 

18 

0.811 

7».4 

ITl 

IS 

0.99! 

anwinSltiijiinlei  100  cubic  iDdtM,  whkhMMO.H 

«.S6 

7*7 

184 

II 

1.S6I 

snk  <^  witsr,   8.48  pHM  laiboue  >ad,  mA  1>.«I 

eubio  mches  oijata  n*. 

- 

7».l 

188 

13 

1.009 

Filled  tuk  U  U.  4fi».  p.  m. 

. 

76.1 

xvtx. 

18 

0.878 

Air  plitei  etowd,  ud  eoabnti  of  aA  pit  lh«nr&  Oft  inlK 

- 

71.7 

MS 

It 

- 

Wtttt  b bote leA U «  iitdMi oboi. DamUkML 

_ 

78.0 

14< 

14 

_ 

8l«n>  itiU  blowioK  off (  fin  T«  bomiaf  <m  mtiu  edninf. 

7S.I 

IM 

—  8 

- 

7S.1 

lai 

+  « 

• 

Coutaito  <tf  gnle  «>d  Mh  pit  JKitUamt  Kri*  in  Ute 
^«.-d.c««dr.ini„. 

RESIDUA. 

G1hk«r                      •           -  9.86 

AAt» •          -  M.eo 

AAf  Eroni  bdiiiidbrid|a        •-          -            -            ...            .                         .  B.39 

Total  ubM  and  clinker            ........  M.04 

Dednet  wood  idioa  .                ........  0.M8 

Totil  wiati  from  cod       :       -           -           .     _       -           -           •           .           -  <*-*W 

Oekt M; 

fleot  C4  boai^}      -           -           -           ;; 7. 
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Nature  of  the  data  fumuhed  by  the  nwpcd&ft  tables. 


'  t 


td^  duration  of  the  e^p^ioent,  in  h9UE8 
Duration  of  steady  actiorf,  in  hours     - 
Area  of  grate»  in  square  feet  ... 
Area  of  heated  sar&ca  of  boiler^  in  square  feet 
Area  of  boiler  exposed  to  direct  radiatioii,  in  square  feet 
Number  of  charges  of  coal  supplied  to  grate    - 
.Total  .weight  of  coal  supplied  to  giate^  in  pounda 
Pounds  of  cpal  actually  consumed       ... 
PoiMd»  at  coal  tefidu&awn  and  a^ianited  aftv  irUt      - 


10  Mean  weight,  in  pounds,  of  one  cubic  foot '^«oaI 

1 1  Pounds  of  coal  supplied  per  hour,  during  steady  action 

12  Pounds  of  coal  per  square  foot  of  grate  sur&ce,  per  hour 
18  Total  waste,  auies  and  clinker,  fiK»m  100  pounds  of  coal 
14     Pounds  of  clinker  abne,  from  100  pounds  of  coal 

16     Ratioofclinker  to  the  total  waste  per  cent      .  .  « 

16  Total  pounds  of  water  supplied  to  the  boiler    - 

17  Mean  tempenfture  of  water,  in  degrees  FabreMhait 

18  Pounds  of  water  supplied  at  end  of  experiment,  to  restore  lav^l  * 

19  Deduction  for  temperature  of  waiai  aopplied  alMMid  of  axpari-* 

ment,  in  pounds    ...... 

S0'<  ^  WMaAg  of'WatM  eiuporaM  per  h«wv  doiioefsMady  abtioH 

aT»>  •  €^10  «Mt  of  #atM>  )»et  hottri  during  stMdiy  actien      - 

9»j   I^Mrfiii  tfi  watM  fei  s^fiial^  foot  of  ItoMeii  aiirfeea  per  hour,  by 

one  calculation  ..*••« 
ftf  -!lP0«n8li^^#^it«  ti«raq«  it,  bya  mean  «f aeveMt  obeervatiaiii  - 
M  'VHllet^mLpnmei^  l«feeal,fK>ni initial  lemip.  (i)  fiimr#esult 
S5     Water  OTaporated  by  1  of  coal,  from  iMtlal'tainp.  (b)  diUlng 

steady  action  •  -  -  -  .  . 

86     Pounds  of  fuel  evaporating  one  cubic  foot  of  water 
87*  *  Mebi  mmp,  of  air.vnUivlBgbdowaflh^pit,  doling  steady  paessure 
t$-  *  MW'iamp.  of  wecbvlbtiienaometsr,  dvttuyg  steady  pr^ssva    - 
]li    MkM  tittperaliiM^  asi,  an  arriving  «t  the  grata 

30  Mean  taiqperature  of  gases^  when  air^ring  «a  tlie>  chimney 

31  Mean  temperature  of  steam  ^^tbe^  hotter  #  .  . 

38  Mean  temperature  of  attached  thermometer  ... 
8t£^MMurMglltrOfliBfomet(«^nii]idMw  •  .  .  . 
84     MaMmaartninof  ¥sfameB4rf  airin  manoiBatar 

86     Mean  height  of  mercury  in  manometer,  in  atmospheres 

8^' '  Iklbaii^Mgltt  aliwiter  111.  typfauxi  dmi^ 

37     Mean  temperature  of  dew  point,  by  calculation 

8^  v-^Mtaligito  oftoayamtuiB  hf  4ha  «r,  bafon  ieaiihing  grata      - 

39  Mean  diflferenoe  between  steam  and  escaping >gaaa8. 

40  Water  to  1  of  coal,  corrected  for  temperature  of  water  in  cistern 

.and  boiler  -..--. 

4&>  ^  J^Vter  to  I  of  coal,  from  818^,  corrected  for  temperature  <^  water 
•    In- cistern  «nd  boiler  .  -  «  ^  «. 

48(    9oi»ds  of  water,  from  818^4o  1  cubac  foot  of  coal     *  » 

48  Water,  from-818^,  ta  1  poimd  of  combustible -matter  of  the  fual 
44  .  Mean  pressure,  in  atQiospheroP,  above  a  vacuum  - 

f^, .  Mean  pressure,  in  poynds  per  square  inch,  above  atmoaphere  - 
46     Condition  of  the  air  plates,  at  the  iiimaoe  bridge         -  - 

4^     Itiches  opening  of  dadiper,  (U.  upper,"  L.  lowte)        -  -^ 


\t* 


MTriO. 

{TMe  1%) 


Juiy  6. 

24.917 
6.0 
U.OT 
377.6 
W.76 
U.O 
1816.8$ 
1168.0 
47.86 


56.887^ 
109.«88 
7.806 
6.788 
8.8f9€ 
14.487 
10518.0 
81^.0 
1410.0 

181.0 
87l9?8. 
18.967 

8.318 
8^8 
8.8601 

7.948 
7.0681 
81°.98 
63^.08 
.  3U)M6 
S79°.31 
8890.46 
80*'.  08 
30.161 
6. 117 
.6455 
.888' 
-62M9 
l^8^88. 
46*.  8 

8.8161 

9.9460 

649.40 

10,64fl§. 

1.4434 

6.548P 

Closfid. 

U.     K> 


•  1 


1 

8dTM. 


83.817 
6.85, 

14.07 
877.$ 

18.76 

10.0 
11946 
1068.5 

66.0 


66.78fr 
88.88 
6.988 
7.884^ 
0.6748 
9.840. 
9888.0  . 

81f.6 
8916.0 

279.0 
716  04 
11.44 

1.894 
1.87a 
8.9609 

9.088r 
6.9543 
86^.61 
74<».8T 
884''.83 
854<».78 
88«*>.82 
84«.5 
89.976 
6.ii8a 
.6348 
.8536 
7(^.09 
197f.78- 
88®.  63 

8.9528 

672.93 
1018860 

I  4198  t. 

6.1997 
Closed. 
U.     8  >     II 


{ 


M 


)8tS 


FBOM  TA«^ES  VI,  VII,  VIII,  IX.' 


SdTHal. 


84.S83 

8.T6 

14.07 

377.6 

18.76 

ii.e 

1S18.76 
1176.0 
42.75 


65.397 
89.057 
6.823 
ou386 
0.6131 
9.676 
10076.0  • 

2335.0 

390.0 
'      747.718 
10.363 

1.981 
1.066 
0.0859 

8  409 
6.8788 
«4<>.22 
«8*».14 
324<>.00 
28  2®.  76 
231^.89 
«2<>.44 
30.013' 
5.178 
.6398 
.8014 
61^89 
239<»,78 
50®.  86 

9-.0487 

10.1819 
564.05 
10.8707 
1.4817 

Owfti  (5  rows) 
U.     10 


4th  Trial. 
{TahU  iX.) 


July  10. 

27.0 
6.667 
14.07 
377.6 
18.75 
8.0 
927.0 
838.0 
89.0     . 


57.937 
7U02t 
6.<»47 
7.696 
0.2C61 
3.4576 
7194.0 
H1^4 
2100.0 

269.0 
429.87 
6.877 

1.1387 
1.1621 
8.2637 

6.0")28 
7.5632 
84*^.88 
75O.a0 
226*>.73 
247*>.14 
229®.  80 
88®.  18 
29.869 
5.312 
.6257 
.209 
72M8 
14*®.40 
17®.70 

8.232 

9.287 
538.06 
10.0613 
1.'3958 
5.8884 
Open  (5  rows) 
IJ.     6 


ATeiages. 


61.25 


56.324 

88.31 
6.274 
6.746 
0.5959 
9.2426 


691.4 
10.662 

1.8314 

8.7967 

7.8732 
7.1146 


286®. 
266®. 


.2632 

202®«032 
35®.997 

8.7624 

9.8788 
556. 1 1 
10.592 

1.4226 
.   6.9404 


•iwr 
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JR^Bivis. 
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It  appears  that  when  the  damper  was  (frawn  M)  iUebK 

the  coal  left  was 45  lbs.;  v^en  4lra>fn9inohiiSy'it 

was  77.5  lbs. 
As  the  whole  forty  cha^g^eaweigied  4495.dJhs.,  the 

mean  weight  of  a  ca')ic  fbot  tmn  djtrhed\sii^,  1 94 

Ihs. 


•c 


.  •  •. 


The  cfTicacy  of  the  pound  ofeombu'sitble  mhfttf  on  die 
4Qi  day^s  trials  was  less  than  on  any  dfthsjadiert. 
The  canilniflioaaBdeTiqpOTiilion  were  B^ifKilemr* 
er,  the  per  centage  of  waste,  greater^  and.yct  the 
-tepiperature of  theair  entering  Ihc  chimiugr  Mras 
bdt  little  isbore  that  of  stn:tm  in  the  boftsr.  Tlie 
Aptti  sil*  |)biaB2iiy  probably,  111  eosMitei^irith 

4he'iM«titiUF  *«wn.4^pv,'U  lH#df4i«*  ^ 
cause  of  this  inferiority  of  nscml  eflSgct 


J 


No.  3. 

Jlnthrizcite  qf  the  "  Forest  Improvement"  Company. 

This  sample  of  coal  came  to  hand  accompanied  by  the  following  certifi* 
cate  from  the  superintendent  of  the  company,  by  whom  it  was  sent : 

^  loertify  that  the  anthracite  coal  forwarded  to  the  navy  yard.  Washing- 
ton,  in  the  casks  marked  ^  Forest  Improvement,*  was  mined  in  August  last, 
on  the  land  of  the  Forest  Improvement  Company,  in  the  township  of  Branch, 
and  county  of  Schuylkill,  and  State  of  Pennsylvania,  from  the  vein  known 
as  the  <  Forest  vein/ 

<M  further  certify  that  the  said  coal  has  been  promiscuously  taken  at 
New  York  from  a  cargo  delivered  to  the  Jackson  ferry,  in  New  York,  for 
consumption,  and  is  a  fair  sample  of  all  the  coal  delivered  from  the  Forest 
vein  I  that  the  said  Forest  vein  is  uniformly  free  of  slate  or  other  impuri- 
ties; and  that  any  desired  quantity  can  be  delivered  for  a  series  of  years^ 
Philadelphia  being  the  port  of  shipment. 

"Schuylkill  Havjbit,  (Pa.,)  September  14,  1842. 

"  CHARLES  DE  FOREST, 
"  Superintendent  Forest  Improvement  Company ^ 

The  exterior  characters  of  this  anthracite  are  somewhat  different  from 
those  of  either  of  the  preceding.  The  main  cleats,  or  partings, -are  marked 
by  thin  lamellse  of  white  earthy  matter,  apparently  composed  of  sulphate 
iif  lime.  These  partings,  however,  are  only  observable  hi  two  positions  of 
the  specimens,  and  but  little  affect  the  general  color  of  the  ^al,  which  is 
deep  black,  with  occasional  approaches  to  blue-black,  in  parts  slightly 
tinged  with  oxide  or  sulpburet  of  iron. 

The^racture  is  uneven,  seldom  conchoidal,  and  only  occasionally  taking 
place  at  the  surfaces  of  deposition — revealing,  however,  when  this  does 
occur,  moderately  abundant  deposites  of  mineralized  charcoal  in  the  seaois. 

The  specific  gravity  of  two  specimens  was  found  to  be  1.4799  and 
1.4741 — the  mean  of  which  would  give  the  calculated  weight  of  a  cubic 
foot  of  coal  in  the  mine  92.31  pounds ;  while  thirty -seven  trials  by  meas- 
oridg  and  weighing  in  the  charge  box  gave  its  weight,  in  the  condition  of 
kunpe  as  received,  53.658  pounds  per  cubic  foot — requiring,  of  course,  41.74 
cubic  feet  of  space  for  the  stowage  of  one  gross  ton. 

The  ratio  of  the  computed  to  the  actual  weight  of  a  cubic  foot  is  1  to 
0.6812. 

A  hex  of  this  anthracite  broken  to  the  ^^  egg''  size  was  found  to  weigh 
106  pounds,  or  53  pounds  to  the  cubic  foot ;  proving  that  no  advantage^ 
in  point  of  stowage,  would  be  derived  from  reducing  it  to  this  state. 

Trials  on  portions  of  the  two  specimens  above  referred  to,  reduced  to 
powder  and  dried  in  the  apparatus  fig.  1,  plate  i,  gave  for  moisture  1.162  and 
1.213  per  cent.,  respectively ;  and  28  pounds  c^ried  for  three  days  in  the  ap- 
paratus connected  with  the  boiler,showeda  loss  of  8  ounces,  or  1.785  per  cent. 

By  exposure  to  full  ignition,  the  two  specimens  lost,  in  addition  to  the 
moisture,  d»158  and  2.437  per  cent.,  respectively,  giving  the  total  volatile 
matter  4.32  and  3.65.  In  two  specimens  tried  by  Dr.  King,  the  volatile 
matter  appeared  to  be  5  and  6.37  per  cent.  Hence  the  average  from  fioar 
specimens*  is  4.835. 

.  The  proportion  of  sulphur  obtained  from  one  of  the  above  specimens 
waeeoaffcely  more  than  a  trace,  being  only  .0165  of  1  per  cent.  The 
nechod  of  tfial  does  not  take  cognizance  of  the  sulphur  which  |{iay  be 
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fbon^  in  the  sufpfaate  at  lime ;  nor  is  this  necessary  for  any  purpose  <tf 
determining  the  character  of  the  coal,  as  ioflnenced  by  the  portion  of  snl- 
pfanr,  or  rather  of  pyrites,  which  it  may  contain. 

The  trials  for  earthy  impurity  in  the  two  specimens  of  this  anthracite 
gave  3.29  for  the  first,  and  2.89  for  the  second — leaving,  after  deducting 
these  and  the  volatile  ingredients,  92.46  and  93.46  per  cent,  of  fixed  car- 
bon. The  complete  incineration  was,  as  usual,  insured  by  continuing  the 
process  for  some  hours,  and  occasionally  agitating  the  residue,  to  expose 
every  part  to  the  action  of  the  air. 

The  color  of  the  ashes  is  a  light  fawn,  with  specks  of  pure  white. 

In  burning,  during  the  four  trials  of  this  coal  under  the  steam  boiler^ 
3^10  pounds,  there  were  obtained  262  pounds  of  waste^  of  which  31.5 
pounds,  or  about  12  per  cent.,  were  in  the  state  of  clinker;  hence  it  ap- 
pears that  the  ashes  alone,  mixed  as  usual  with  fine  anthracite,  were 
6.068,  and  the  clinker  0.S26 — total,  6.894  per  cent,  of  the  coal  burned* 
When  the  ashes  were  completely  freed  from  combustible,  the  residue 
was  but  59.32  per  cent,  of  what  it  was  with  the  unbumt  anthracite  re- 
maining ;  and,  when  the  clinker  was  also  completely  reincinerated,  it  lost 
1.455  per  cent.  Hence  the  waste  withdrawn  was  made  up  of  ashes  3.6^ 
clinker  0.S14,  and  carbon  2.48 — total,  6.894  per  cent. 

The  ashes,  as  they  came  from  the  furnace,  weighed  44.03  pounds  per 
cubic  foot,  and  the  clinker  30.75  pounds ;  the  former  being  of  a  dark  gray 
color,  and  the  latter  varying  from  dark  iron^gray  to  a  nearly  white  cotor. 
Many  fragments  are  portions  of  slate  in  their  original  forms,  very  friable^ 
and  having  little  tendency  to  cohere.  The  vitrification  is  so  imperfect 
as  to  cause  but  little  clogging  of  the  grate  in  any  of  the  trials.  The  total 
amount  of  soot  and  dust  withdrawn  from  the  flues  after  four  trials  of 
this  coaU  was  only  3  pounds,  weighing  at  the  rate  of  17.94  pounds  per 
cubic  foot.  Of  this,  52.63  per  cent,  was  incombustible  earthy  matter.  The 
trivial  influence,  ot  rather  absence  of  all  efiect  of  this  quantity  of  dust  in 
impeding  the  progress  of  heat  through  the  metal  of  the  boiler,  is  apparent 
in  the  dose  conformity  observable  between  the  first  and  fourth  trials,  in 
regard  to  the  amount  of  water  evaporated  by  one  of  combtistible  matter — 
both  trials  being  conducted  with  the  same  damper  drawn  to  the  Mttie 
extent,  and  with  the  air  plate  at  the  bridge  elated.  The  first  gave  11.17^ 
and  the  fourth  11.20  pounds  of  water  to  1  of  combustible  matter  from  212^. 

The  reductive  power  of  this  coal,  applied  to  the  oxide  of  lead,  is  ex- 
pressed by  32.022 ;  20  grains  of  the  coal  having  produced  640.44  gra^pt 
of  metallic  lead.  The  ignition  of  this  coal  appears  to  take  place  with  con- 
siderable difficulty  ;  having  required,  on  an  average,  3.32  hours,  from  the 
time  the  first  charge  was  laid  upon  the  grate,  to  bring  the  boiler  to  the 
condition  of  ^steady  action."  The  weight  of  anthracite  left  iinbtimt  on 
the  grate  was  40.18.  It  should  be,  however,  borne  in  mind,  that  no  charge 
of  anthracite  was  laid  upon  the  grate  previous  to  the  commencement  of 
firing  with  wood,  as  had  been  done  in  some  trials  of  the  samples  already 
described. 

For  domestic  purposes,  this  anthracite  is  well  adapted,  both  from  its  high 
heating  power,  the  small  proportion  of  clinker  which  it  is  liable  to  pro- 
duce, and  from  the  comparative  ease  with  which  the  ignition  tnkes  place. 
For  smiths'  purposes,  and  for  the  manufacture  of  iron,  it  will  present  the 
advantage  of  a  small  proportion  of  earthy  matter^  and  an  almost  entire 
free^pm  from  sulphur.  A  high  temperature  mav  probably  be  found  re^ai* 
•ite^  in  order  to  fuse  completely  its  earthy  ingre^nd. 
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Firsi  (rial — vpper  damper  8  inch^  open  ;  ulr  plaits  closed; 
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Date. 


.1 


Aug.  4 


Hour. 


.  t 


f. 


Aag.  5 


A.M. 

5.15 


6.30 
6.45 
7.15 

7.45 

ai5 

8.45 
9.15 

9.45 

10. 15 

10.45 

11.15 

p.  X. 

0.00 

0.30 

1.00 

2.00 

2.80 

3.00 

3.30 

4.00 

5.45 

A*  .A* 

6.40 
6.56 


Tiwr«»AT«mv»  «fr  K«i 


•S'B. 


S 


■^1 


«S 


01 


71 

73 
73 
74 


76 
77 
79 
79 

80 
80 
82 
89 

84 
84 
83 
87 
8$ 
86 
84 


68 

68 
69 
69 


70 
71 
71 
71 

71 
71 
72 
71 

72 
72 
72 
71 
72 
71 
70 


g 


S 
\0 


142 

142 
146 
150 


84 
81 
72 
72 


70 
68 
70 
70 


..160 

174 
186 
205 

217 
228 
249 
264 

286 
302 
313 
38Y 
842 
838 
340 


1^1 


s 


I 


1«0  78 

246  78 
240j  78 

248'  77 


258  77 
264i  77 
279  78 
2621  77 


288 

284 
282 
378 

280 
287 
283 
288 
282 
283 
292 


842^  270 
338  255 


194 


196 


105  194 


78 
78 
78 
77 

78 
78 
78 
78 
78 
78 
78 


I 

.a 


OQ 


^1 


184 

232 
236 
232 


< 


50 


232 


73 


72.5 
73 


74 


232  74 


232 
1^32 

288 
232 
2)2 
232 

231 
231 
23  ^ 
232 
282 
232 
23'^ 


80 
80 
80 
80 


231 
2!$ 
214 
210 


75 
76 

77 
78 
79 
79 

80 
81 
81 
81 
81 
81 
81 


30.26 


i 

X 


.a 


SI 


0.358 


30.26  0.581 

30.27  0.690 

30.28  0.527 


30.26 
30.26, 
30  26 
30.26 

80.27 
30.28 
30.37 
30.28 

30.28 
30.28 
.30.28 
30.28 
80  27 
30^26 
30.27 


81 
79 
74 
74 


30.27 


30.22 
30.32 


0.^33 
0.549 

o..54a 

0.544 

0.555 
0.546 
0.551 
0.543 

0.540 
0.532 
0.535 
0.535 
0.585 
0.535 
O.S.-iS 


0.525 


30127  0.622 


0.881 
0.357 


o 

s 

> 


-.3 

i 


7.02 

4.76  0.21 
4.68  0.21 
6.30  0.23 


B 

& 

8  . 

o 


0.!2   - 


6.;24 

5.08 
5.08 


0JI3 
0.3U 
0.30 


5.13'  0.26 


5.02 
5.11 
5.06 
5.14 

5.17 
5.25 
5.22 
5.22 
6J»3 
5.22 
5,0^ 


5.33 


6.74 
6J98 


0.81 

0.30 
0.31 
0.28 

0.28 
0.26 
0.28 
0.25 
0.23 
0.25 
0  32 


0.21 


5.85  0.20 


6.13 

a!7 


230 

^155 

710 

990 

1560 


1988 
2:^65 
23.^0 
8413 

4177 
4592 
5109 
6307 
6647 
7057 
7471 


8178 
9^1 
9460 
9771 


o 

f 


107.85 

i07.i6 


105.60 


109.75 


106  75' 

101.50 

100.50 

110.60 
103.00 

106J00 


^      Period  of  steady  action,  from  9k.  7/7i.  a.  m.  to  8A.  15«.  p.  m.  -  6. 133  houw,  includioff  1 1 
.  91  ODBcrvations.  ^  '  ■   •■ 
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steam  thrown  into  chimney,  and  small  furnace  in  acfioti. 


§ 


A«  fll* 


^.30 
6.4A 


1A% 


«,07 


10.16 

11.05 

0.00 

1.00 
3.16 

3.16 


66.6 

66.5 
67.1 
66.6 


67.3 
68.4 
68.0 
67.6 

67.« 
67.3 
68.1 
66.5 

67.8 
67.3 
67.7 
64.7 
66.6 
65.0 
61.1 


71 

69 
78 
76 


84 

97 
108 
136 

187  I 
148 
167 
183 

303 
318 
330 
350 
356 
353 
356 


-^4 

-hU 

4 
16 

36 
33 
47 
30 


1.319 

1.193 
1.351 
1.483 
3.019 


50  I  3.367 


64.1 
63.0 
69.1. 
69.1 


368 

367 
133 
133 


53 

50 
46 


49 
56 
51 
56 
50 
51 
59 


49 

37 

—18 

—16 


1.997 
3.569 
3.983 

3.698 
3.199 
3.057 
3.749 
3.831 
3.173 
3.199 


3.773 


REMARKB — Qnte  sorftce  14.07  wnme  feet;  lengdi'oC 
oircuxt  of  hoi  air  121  feet(  height  of  chimnej  63  Sm(L 


Commenced  filing;  water  at  normal  level  at  300^; 

ing  doody,  wumI  N£.,  tight;  2  weighte  on  laifty  rtht^ 
Commenced  chargiiig  with  coal;  wood  consomed  313|  Dm^ 
Second  weighte  removed  from  Mfety  valves;  ateasi  i 

raiNdly. 


Weighed  38  Ibe.  of  this  coa^  and  placed  in  kettle  ht 

ing. 
Fovrth  charge  in  large  liimpe. 


Fifth  charge,  lumps. 

Sun  shining  dimly;  wind  E.,  brisk. 


FUled  tank  at  11  A.  40m.  a.  m. 

A  charge  of  this  coal  reduced  to  egg  size  weighe4  106  fti. 


Filled  tank  at  dA.  35m.  p.  m. 

Contents  of  ash  pit  thrown  on  grate;  damper  redboed  to  6 

inches. 
Water  in  boiler  left  at  1  inch  above  normal  leteL 

Water  0.55  inch behrn  normal  level,  at  teoaperatpre  314^^ 

wind  NE.»  raining. 
Water  in  boiler  adjusted. 


RESIDUA. 


CUnker 
Asbea 

Ashes  behind 


PounA. 

41. 7S 
1.50 


TqN  tihea  and  eiUer 
Dtdqct  wood  ashes 


Total  waste  ftoB  ooal 
Coke 


63. 59 


53. 


i..  ^ 


r»8«i 
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ikeoniiriiU-^iipper  damper  8  inches  op^n  ;  airplatt$  open  ; 


-     30.M 
30.S1 

30.30 
30.30 
30.19 
30.17 
30.16 

30.16 


79  30.16 

80  130.16 

30.16 
30.16 
30.16 
30.16 
30.16 

30.16 
30.15 
30  14 
30.16 
30.^6 
30.16 
30.16 

30.16 


0.357 

0.536 
0.535 

0.537 
0.539 
0.537 
0.543 
0.537 


0.537    5.30 


6.08 

5.801 
5.30 

5.30 
5.38 
5.30 
5.14 
5.30 


80.17 
30.17 

30.13 
30.11 


0.541 
0.540 

0.547 
0.540 
0.535 
0.530 
0.540 

0.549 
0.543 
0.541 
0.545 
0.547 
0.551 
0.539 


0.535 

0.637 

0^46 
0.344 


5.16 
5.17 

5.10 
5.17 
5.33 
5.36 
5.16 

5.08 
5.14 
5.16 
5.13 
5.10 
5.06 
5.U 


0.545    5.13  0.30 


5.33 
5.30 

7.10 
743 


0.17 

0.18 
0.30 

0.30 
0.30 
0.30 
0.33 

0.351 


0.31 

0.33 
0.33 

0.36 
0.38 
0.33 
0.35 
0.36 

0.30 
0.36 
0.i6 
0.30 
030 
0*31 
0.38 


0.33 
0  30 

0.13 
0.13 


70 

345 

375 

763 

1000 


1833 

1530 
1841 

3095 
3383 
2633 
3053 
3385 

3815 
4341 
4645 
5058 
5611 
6353 
6670 


7098 

7574 
7956 

7963 
9870 


1 

I 
I 


97.35 
105.75 


99.50 


107M 


96.50 


103.75 


106.00 


111.36 
118.50 
111.00 


P«riod  of  ttoA^y  Aotion  this  day,  from  lOA.  36m.  a.  m.  to  5Jk.  30m.  p.*  m.  >■  7&.  5m.     Coal  8i^>- 
fied  lo  tho^nrto  in  that  time,  647  Iba.  ^  water  to  boiler,  5,403  Um.  {  water  to  1  of  ooal»  8.851. 
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«tegat  tAraum  into  chimnejf,  andamaU/urnactim  aeiitm.. 

f 
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h 


I 


A*   0^ 


7.00 
7.18 


8.S6 


10.35 


II.SS 


«i.S8 


1.66 


3.06 
4.10 
6.80 


69.1 

69.6 
69.7 

•9.7 
71.1 
71.8 
73.3 
76.0 

76.3 


75.0 
76.1 

75.6 
75.3 
76.3 
74.8 
75.3 

76.1 
75.0 
75.0 
73.9 
74.2 
71.7 
71.7 

71.7 


71.0 
71.4 

73^ 
74.0 


Cinkflr 


183 


10.5 
06 

01 
04 
05 
13 
13 

19 


85 
30 

41 
46 
53 
52 
64 

68 
73 
88 
91 
303 
210 
310 

316 


314 
829 

94 
92 


—16 
13 


34  0.365 

22  0.927 

33  0.689 

41  2.050 

43  I  1.261 


35     1.711 


36 
88 

42 
42 
40 

38 
53 

58 
51 
46 
52 
56 
69 
69 


REMAIK8.— Orate  anrftct  14.07 


o^Anfto.— «raie  aarttet  14.07  mm  iwt^  knclh  of 


1.044 
1.701 


76 

63 
36 

-12 
13 


1.346 
1.521 
1.324 
2.225 
1.759 


Commenced  firingf  w«ter  at  0,1  inch  tbove  nonnil  kvel 
at  210®.  ^^ 

Wood  cpnBume4.  94^  lU;  coamienced  charging  with 
coal;  water  0.35  inch  above  owmal  level  at  836®s 
flteam  bkmt  off  at  Ih,  \9m,  a.  m. 

Wind  NE.,  Ught?  rainingi  air  plates  opened  at  8A.  30m. 
a.m. 

Floor  covered  with  xain  watery  wind  8£. ;  mn  leaa. 
6ttn  coming  out;  rain  has  ceaaed. 

One  large  lump  in  fi;>urth  chaqp^. 

FUied  tank  at  lOA.  50t7}.;  wind  8W.;  clouding  up. 


Raining. 

Wind  W. ;  ms^  and  aeveoth  charges  in  lumps. 

Commenced  drawing gwfls at  U.  7fn.idrewm  lOmtnute* 

80  cubic  inches,  t^ych  gave  0.51  grain  of  water,  8.86 

grains  carbonic  acid,  and  11.562  cubic  inches  ozygoii 

;       temp^ture  at  bath  80«>  al  U.  30ot.  bj*.  ;  cloudy,  wind  W. 

3.278  1  Wind  NW.;  clearing  off 


I 


2.257 
2.140 
2.188 
2.929 
2.282 
3.324 


.1 


2.367 


2.522 


\ 


Eighth  charge  nearly  all  fine. 

Filled  tank  at  3A.  45fii.  p.  m.;  doudy. 

Heainr  mist  fidling;  ninth  charge  all  fine. 

Filled  tank  at  5^.  Om.  p.  m. ;  cloudy. 

At  6A.  lOm.  p.  m.,  treated  another  portion  of  the  „ 

drawn  at  \h.  7m*  p.  m.,  with  pbo^orus^  with  samo 
result;  barometer  30^.18;  thermooKter  87®;  dew  point, 
by  observation,  74®. 

Sun  setting  clear;  contend  of  ash  pit  thrown  on  grate$ 
damper  reduced  to  4  inches;  aiir  plates  closed;  water  in 
boiler  left  at  6h.  40m.  one  inch  above  normal  leveL 

Water  found  3  inches  below  norm^.  level. 

Water  adjusted  in  boiler. 


KJE;8U)UA. 


behind  bfidge 

TolidwMte      • 
IMnct  wood  ashes 

Total  waste  finom  ooal 


-  9.75 
.  59.75 
•       1.31 


70.81 

.3r 

70.53 


,£886] 
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TABLE  XIIL~EOS|»T  IMPR 
7%trrf  trial — upper  damper  4  inche-n  open;  air 


TBKrBBATCBBl  OF  THK 


•3j 


> 


80  j  A 
80  I  225 
80  [  229 
80  '  232 
78  ^  226 


80 
79 
80 
81 
82 


30.11 
30.09 
30.10 
30  10 
30.10 


;  0.349 
0.527 
0.662 
0.664 
0.608 


78  226  82  1  30.10  0.612 


78 
78 
78 
78 
78 

79 
79 

79 
79 
79 
79 
80 
79 
80 
81 

81 

84 
84 
84 


Ang.  8 


84 
84 

84 
84 


227 
2271 
229 
228! 
229 

229 
230 

230 
228 
231 
230 
230 
230 
229 
230 

230 

230 
230 
230 


83 
84 
86 
86 


30.10 
30.11 
30.11 
30.11 


230 
229 

226 

211 


85  30.11 


86 
87 

87 
88 
88 
87 
88 
88 
89 
89 

89 

89 
88 
87 


87 
86 

81 
81 


30.11 
30.11 

30.10 
30.10 
30.10 
3a  07 
30.08 
30.08 
30.06 
30.06 

30.06 

30  05 
30.05 
30.06 


30.06 
30.06 

30  06 
30.06 


0.621 
0.623 
0.629 
0.626 
0.636 

0.624 
0.636 

0.627 
0.621 
0.642 
0  630 
0.587 
0.623 
0.628 
0.630 

0.636 

0.526 
0.623 
0.627 


7.06 
6.30 
6.06 
4.04 
6.54 


6.46 


0.660 
0.633 

0.497 
0.848 


6.36 
6.34 
6.28 
6.32 
6.22 

6.33 
6.22 

6.ao 

6.36 
6.15 
6.27 
6.20 
6.34 
6.34 
6.27 

6.22 

6.32 
6.34 
6.30 


6.07 
6.24 

6.68 
7.07 


•c 


0.18 
0.20 
0.18 
0.17 
0.20 


0.20 

0.21 
0.21 
0.23 
0.26 
0.34 


164 


0.22 
0.23 

0.19 
0.18 
0.20 
0.16 
0.19 
0.16 
0.18 
0.18 

0.18 

0.18 
0.17 
0.18 


809 
401 
789 
991 


0.17 
0.18 

0.14 
0.16 


1249 
1419 

1674 
2064 
2259 
2692 
3014 
3384 
3689 
3839 

4216 

4680 
4783 
6037 


6445 
5973 

69801 
7687 


104.00 
107.00 


104.26 


100.26 


104.76 


Ul.OO 


118.76 


116.00 
101.60 


Period  of  iteady  action,  from  lOA.  10m.  a.  m.  to  6A.  30m.  p.  m.  —  7A.  90m.,  embraaaf 
ta  of  obaenratioiis;  coal  aopplied  to  grate,  661  Iba.;  water  to  boiler,  4,204  lbs.;  water  to  1 
Nduring  said  period,  7.629. 


14 


69 

OVEMENT  ANTHRACITE. 

plate*  closed ;  steam  thrown  out  at  back  valve. 
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h,  in* 
6.37 


8.30 


io.ro 


0.00 
1.30 
3.00 


4.15 
5.30 


74.6 
74.0 
75.0 
75.6 
76.3 


75,8 


76.1 
76.1 
75.8 
76.6 
76.3 

77.» 
77.3 

77.6 
76.1 
74.9 
75.3 
76.1 
75.0 
77.8 
78.0 

77.5 

78.0 
76.6 
75.8 


78.4 
79.4 

76.0 
76.3  I 


70 

72,5 

77 

76 

76 


77.5 


78 
81 
%% 
82 
101 

96 
108 

U7 

130 

137 

143.5 

155 

158 

171 

183 

194 

304 
tS4 
230 


247 
390 

166 
132 


—14 
-4-23 

—  3 

—  2 

—  4 


—16 

—  5 

27 
20 

21 


25 
30 

22 
20 

16 
18 
14 
9 
20 

25 

20 
18 
29 


19 

—  1 

—11 

—  5 


Is. 

is 

1^ 


0.821 


0.554 
0.434 
1.791 
1.335 


1.367 
0.636 

1.351 
2.013 
1.086 
1.764 
2.236 
1.696 
1.361 
1.324 

1.992 

1.669 
1.340 
1.293 


2.216 


REMARKS. — Gi»te  surface  14.07  squsre  fiwtf  lenftfi  af 
circuit  of  heated  air  121  feet;  height  of  chimney  63  feet 


Water  0. 12  inch  below  normal  level;  commenced  firing;  €re' 
in  imaU  fiunaee;  two  wca^^ta  on  safel^  valves;  comnieDeed 
charging  wi^  coal  at  6h.  7m. ;  consumed  183}  ttm,  of  wOod;  , 
water  in  boiler,  0.47  inch  above  normal  level;  tomperatwc^ 
225^;  fire  kindles  slowly ;  took,  at  7h.  Om,,  the  aeoond 
weights  from  valves;  syphon,  rose  to  0.30;  steam  began  k> 
blow  ofi*;  at  7A.  30m.  filled  tank. 

A  charge  of  this  coal,  reduced  to  egg  size,  weighs  105  Rm. 

» 

Kindling  takes  place  slowly. 
Wind  8.,  light;  hazy,  sun  shining  occasionally^. 
Set  upper  damper  to  4  iiM^es  at  9A,  35m. ;  coal  igniting  mar^ 
finely. 


Fire  in  small  furnace  extinct  and  its  damper  closed,  dew 

point,  by  observation,  74^. 
Steam  ail  thrown  out  at  back  valve. 
Commenced  drawing  gases  firom  lower  opening  at  Oh.  42fif. ; 

drew  in  26  minutes  80  cubic  inches,  which  gave  0.68  gnia 

virater,  4.33  grains  carbonic  add,  and  8.018  cubic  inches 

of  oxygen;  temperature  at  badi  87^;  at  Oh.  30m.  p.  m. . 

wind  N  W. ;  showery. 
Wind  NE.,  Ught;  clear. 
Wind  S. ;  dew  point,  by  observation,  76^;  by  calcubtioa^  al 

same  place,  77^.3. 
Eighth  charge  shows  much  earthy  matter  in  partings,  tech* 

nically  called  **bony  coaL** 
Filled  tank  at4A.  16m.  p,  m. 
Cloudy;  wind  E.,  light 


Cont'ts  of  ash  pit  thrown  on  grate;both  valves  douUe  weighted*' 
Water  in  boiler  left  at  1.6  inch  above  normal  level 

Water  found  3.10  inches  below  normal  level. 
Water  in  boiler  adjusted. 


RESIDUA. 


Clinker       - 

Ashes 

Adies  behind  bridge 

Total 

Deduct  wood  asbes  - 

Total  waste  firom  coal 
Coke 


4.00 

71.25 
1.26 

76.51 
0.564 

75.946 


C  3a»  ] 


TABLE  XIV.— FOREST  IMPR. 
Fourth  trial—'iipptT  damper  8  tnehea  op»n  ;  air  plate*  closed  ; 


The  pttiod  of  MMd;  teUon  ihii  da;  U  front  IDA,  17in.  a.  m.,  irtieii  die  fourth  ebarga  wu  in, 
to  3A.  p.  m.,  when  the  iMt  cbaige  was  in  the  famter.^ih.  43m.  ;  cod  nipplied  to  gnla,  WS.JU 
Urn.  I  «MST  to  boiler,  4,393  Ibi. 
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siemm  thrown  into  «AJnin«y,  and  tmall  furnace  in  action. 


Clinker 
JuOum    - 

Aah«  fram  behind  bridg 
Total  clinker  ind  tAf 
Deduct  wood  Ubea 
Total  WHta  firom  coal 
Soot  md  du*t  from  Sua 
C(ik»    - 


IcIwteintiriAioMti 


Water  brodcb  U 

fliittti  viad  9W.,  <1bk. 
Wood  connuned,  97}  Vm.  i  oiw-wn" 

pot  •ecood  v^iM  on  fant  nln. 
Aih  pit  cloMd,  nd  oootnta  Itamm 

taken  from  Bti^T  ^v^*'- 
Filled  iMk. 


Soma  portioiw  <d'  the  4A  chuse  ihow  mach  WN^  ■ 
in  the  p«liti(«.  i    '   i 

Some  poftiotu  of  die  Qih  cbaige  4ww  much  a^lhr  ■ 

iji  the  putiiiBi. 
Wind  NW.,  (™k,  cImi. 
TIm  cmI  in  diying  keUe  weigba  ST  Iba.  8  a*. 

Filling  lank;    7th  charge  containa  aotne  ins  oaali 

tiiagfi  neari  J  all  ScM. 
W^er  in  boiler  O.ft  tack  bdor  nmmal  tevdi  Saa4.UI 
Wind  SB.,  dondri  atafc.  SW.,  eknl?,  fi4knMd^T«iai 

cooiiBMiced  di«wing  gaaea  Gram  Icnnt  opi^BV  M  U. 


L  grain  of  wMar^  4.46  grab 
ci£ie  indea  of  omen. 

if  mb  [wt  nrcnm  <■ 


•oi<i.Md>*^ 


ofeariKMaB 

Contenta 

Water  bioviAit  to  1.4  iMh  abore  Donul  lenl- 

Water  in  boOer  foood  1.7  inoh  belaw  Monnal  l**d. 
Water  in  bailer  adjuited^ ___^ . 


-    i.M 


[:38«  J 
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TABLE  XV.— DEDUCTIONS 
ExperimtnU  on  Forest  Im 


Nature  of  the  date  fumidiad  bj  die  re^iecttTe  tebies. 


UtTrad. 
(TflWrXr.) 


S4TriiJ. 
{JMtXtV) 


\ 

9 

a 

4 
6 

7 

*' 

11 

19 

IS 

14 

16 

1< 

17 

18 

19 
f 

SO 
SI 


S8 
S4 

S6 

f 

S< 

S7 
St 

ss 

St 

ss 

88 
84 
86 
86 
87 
88 
89 
40 
41 

I 

44 

46 

4 


-  I 


.  I 


\ 


Told  dimttion  of  the  experiment,  in  hows 

Dmtion  of  steady  action,  in  lumn     ... 

Anaof  srat**  in  silu^iw^iMt   .... 

Area  of  heated  aoHace  of  boiler,  in  eqnare  feet 

Area  of  boiler  expoeed  to  direct  radiatioD,  in  square  feet 

tlHiribir  of  charges  of  eoal  Miiplied  to  grata    • 

Total  weight  of  coal  supplied  tograte,  in  pounds 

Payndt  of  coal  aotuall^  consumed       ... 

Pounds  of  coal  withdrawn  «id  separated  after  trM 

Mean  wei^it,  in  pounds,  of  ona  cubic  foot  of  coal 

Pounds  of  coal  supplied  per  hour,  during  steady  action 

Pounds  of  coal  per  aquare  foot  of  grate  sur&ce,  per  hour 

Total  waste,  ashes  an^  clinker,  firom  100  poundi  of  coal 

Pounds  of  clinker  alone,  from  100  pounds  of  coal 

Ratio  of  clinker  to  the  total  waste,  per  cent.     ... 

Total  pounds  of  water  supplied  to  the  boiler     .  .  . 

Mean  temperature  of  water,  in  degrees  Fahrenheit 

Pounds  of  water  supplied  at  end  of  experiment,  to  reetoie  level 

Deduction  for  temperature  of  water  supplied  at  end  of  experi* 

mant,  in  pounds     ...... 

Pounds  of  water  evaporated  per  hour,  during  steady  action 
Cubic  feet  of  water  per  hour,  during  steady  action 
'  Poimda  of  water  per  square  foot  of  heated  surface  per  hour,  by 

one  calculation        ...... 

Pounds  of  water  per  sq.  (t,  by  a  mean  of  several  observations  - 
Water  evaporated  by  1  of  coal,  from  initial  teihp.  (a)  final  result 
Water  evaporated  l^  1  of  coal,  from  initial  temp,  (b)  during 

•leadyactaon  ...... 

Pounds  of  fuel  evaporating  one  cubic  foot  of  water 

MSMi  temp,  of  air  entering  belowashptt,  during  steady  pressure 

Mean  temp,  of  wet  bulb  theraionieter,  during  steady  pressure    * 

Mean  temperature  of  air,  on  arriving  at  the  grate 

Mean  tes^perature  of  gases,  when  arriving  at  the  chimney 

Mhoi  tsaqpentureof  staamin  ^b(Hler  .  .  . 

Mean  temperature  of  attached  thermometer 

Mean  hci^t  of  barometer,  in  inches    •  -         "  - 

Mean  number  of  volumes  of  air  in  manometer  ... 

Mean  height  of  mercury  in  manomater,  in  atmospheres 

Mean  height  of  water  in  syphon  draught  gauge,  in  inches      *  - 

Mean  tempeimtttre  of  dew  point,  by  calculation 

Mean  gain  of  temperature  by  the  air,  before  reaching;  grate 

Mean  difference  between  steam  and  eacaping  gases 

Water  to  1  of  coal,  corrected  for  temperature  of  water  in  dstem 

Water  to  1  of  coal,  horn  212^,  corrected  for  temperature  of 

water  in  cistern       ...... 

Pounds  of  water,  from  SI 2®,  fo  I  cubic  foot  of  coal      - 

Water,  from  212<',  to  1  pound  of  combustible  matter  of  the  fuel 

Mean  pressure,  in  atmospheres,  above  a  vacuum 

Mean  pressure,  in  pounds  per  square  inch,  above  atmosphere     - 

Condition  of  the  air  plates  at  the  furnace  bridge 

laches  opening  of  damper,  (U.  upper,  L.  lower) 


Aug,  I. 

24.687 
6.183 
14.07 
877.6 
18.76 
10.0 
1067.0 
1088.98 
S3. 02 

62.86 
102.274 
7.S68 
6.111 
0.979 
19. 1498 
9771.0 
78^3 
811.0 

40.0 
964.85 
16.S77 

2.5265 
2.6195 
9.4112 

9.388 
6.641 
81®.87 
71^20 
262«.73 
S79«.0 
S8S®.0 
78®.  63 
30.87 
6.146 
.54S4 
.2791 
660.87 
180^86 
51*>.81 
9.3788 

10.599 
660.15 
11.1699 
1.4328 
6.3924 
Clo^. 
U.     8 


t 


Aug.  6. 

32.917 
7.083 
14.07 
377.6 
18.75 
18.0 
1066.6 
1086.74 
29.76 
6S.8S6 
91.34 
6.492 
6.868 
0.9467 
13.769 
9370  0 
770.9 
1488.0 

183.0 
762.78 
1220 

2.0206 
2  002 
8.9282 

8. 3508 
7.0003 
8SO.O 
760.43 
252®.  93 
282®.  73 
232<>.07 
79*.  27 
30.157 
5.147 
.5422 
.264 
74^.41 
170°.  93 
47^86 
8.8974 

10.0517 
531.15 
10.7963 
1.4334 
6.4014 
Open. 
IT.     8 


-t 
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FROM  TABLES  XI,  XII,  XIII,  XIV. 

provtment  anthracite  coal. 
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ad  Trial 

4th  Trial 

Arerag^. 

iTaitk  JCIIL) 

(Tabk  XIV.) 

Aug.  7. 

Aug.  8. 

• 

96.3^ 

25.417 

7.W8 

4.717 

14.67 

14.07 

377.6 

377.5 

'    l$-76 

18.75 

9.0 

8.0 

• 

96«.5 

890.75 

896.51 

850.77 

67.99 

39.98 

40.188 

63.694 

65.672 

63.7602 

7^139 

98.0199 

91.6888 

5.843 

6.993 

6.624 

8.453 

7.449 

6.9702 

6.4418 

0.8780 

8.1114 

5.9367 

1 1.786 

12.4827 

7M7.0 

7998.0 

8l«.9 

83^5 

1687.0 

826.0 

966^0 

104.0     . 

673.S3 

93M5 

805.502 

9.171 

14.898 

12.8865 

.     1.6189 

2.466 

2.1331 

1.6083 

2.469 

8.1991 

9.2727 

8.9528 

7.639 

9.5013 

8.7043 

7.6228 

6.7402 

7,0011 

9r>.94 

89O.0 

79<>>61 

79<>.0 

W6«.«l 

2700.94 

2620.969 

9480.44 

289^.0 

2740.792 

999«.21 

2310.44 

86*>.95 

850.87 

30.085 

30.057 

5.988 

6.232 

.5282 

.5337 

.187 

.2971 

.2668 

76P.67 

760.24 

134«.97 

1810.94 

1 670. 175 

20^.46 

620.66 

450. 697 

8  1676 

9.2347 

8.9196 

9.2064 

10.3784 

10.0676 

494.33 

677.51 

640.786 

10.0542 

n.2083 

10.8072 

1.4071 

1.4193 

1.4232 

6.0126 

6.1930 

6.2498 

Cloied. 

Cloaed. 

U.    4 

U.     8        1 

1 

Renur&a. 


The  unbomt  coal  left  "when  the  damper  was  drawn  9 
inches^  was,  by  ameaii  af  3 trials,  30^98  Iba.;  and 
when  the  damper  was  openad  but  4  inches  it 
amounted  to  67.99  lbs. 

The  largest  proportion  of  waste  appears  on  the  third 
trial,  when  the  combustion  was  most  retarded; 

The  most  rapid  combQitioii'(<Mi  ih»  6nl  tiial)  wilt 
be  observed  to  give  by  far  the  highest  propMtioA 
of  clinker;  and  vice  verw^  as  seen  on  the  third 
trial. 


The  mean  of  the  first  and  fourth  trials  shows  that 
with  the  damper  drawn  8  indiea,  and  ^e  air  pbtd- 
dosed,  the  evaporation  was  16.687  cubic  &et  per 
hour;  while  the  third  trial»  with  the  damper  drawn 
but  4  inches,  and  air  plate  aho  c|qs^  the  evxpo- 
ration  was  but  9. 1 71  cubic  feet  per  hour;  or}  the 
difference  is  39.2  per  cent  of  the  former  number. 


The  slow  combustion  produced  by  d  awing  the  damp- 
er  but  4  inches,  during  the  third  trlil,  evidently 
reduced  the  useful  efficiency  of  tie  unit  of  com« 
busttble  matter  from  11.058  to  10.054,  or  9  per 
cent 
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No.  4. 

Be€u:h  Mountain  anihracitti  fttni  by  the  Delaware  Coal  Compfiny  qf 

Philadelphia. 


This  sample  of  C09I  F&s  accompanied  b^  the  following  ieUer  from  It^e 
president  of  the  company,  certifying  its  ongin : 

*^  Office  of  the  Delaware  Cqal  CompanXi 
^  Philadelphia,  September  37,  194)?. 

<*'  Sir  :  Enclosed  please  find  a  bill  of  lading,  per  sloop  General  Bloom- 
field,  Skinner,  for  eight  hogsheads,  containing  about  three  tons  0^  un- 
broken Peach  Mountain  red  ash  anthracite  coals,  mined  by  this  co^^ny 
below  what  is  called  the  <  water  level,'  on  one  of  the  seams  now  worked 
by  it,  on  a  tract  of  coal  land  known  by  the  name  of  Pe^ch  Mounti^in,  and 
belonging  to  thi^  cpippafpy,  ^ituaxed  about  t^o  miles  above  Pottsvil)^,  in 
Sdbuyikill  eouotjr,  PeoosvIvaDia. 

^  I  iiote  these  facto  as  beings  according  to  my  recolleotion  of  an  adver- 
iioemopt  of  ttie  Navy  Djepartment,  requested  to  be  communicated  with 
any  aaxnpk^  oi  caai  which  mjght  bje  sent  to  the  navy,  y^rd,  for  the  e;|pper. 
iiMQis  imeiidefl  to  h%  made  on  the  diffoMBt  kinds  o^  coals,  to  teat  their 
relatire  vahie  for  the  purpose  of  generating  steam,  &c.,  and  for  wh$ch  I 
respectfully  tender  the  eight  hogsheads  now  forwarded  by  the  G^eAjStral 
Bloomfield.  I  shall  esteem  it  a  favor  to  have  the  results  of  your  exper* 
iments  on  all  the  varieties  which  have  been  forwarded  under  the  iavita- 
tion  of  the  department  for  grial,  and  particularly  of  the  Peach  Mountain, 
whea  you  have  had  them  made* 

<^  I  aoa,  air,  very  raapectfully,  your  otbedient  ser^vaot, 

«  JOHN  WHITE,  President. 

**Bevbblt  Kewon,  Esq., 

^^  Commandant  of  the  Navy  Vard,  flushing fo^  D,  C/' 

The  exterior  characters  of  the  Peach  Mountain  anthracite  are — a  4^p 
jet-black  color ;  an  uneven  splintery  fracture  ;  a  lustre  varying  from  dull 
to  shining,  according  to  the  direction  in  which  4lie  fracture  is  made.  Like 
all  the  other  anthracites, .it  was. wholly  unaffected  by  atmospheric  inftu* 
ences  in  a  period  of  eighteen  months,  during  which  they  were  in  my 
charge. 

This  sample  is  more  easily  separated  at  the  surfaces  of  deposition  than 
most  of  the  white-ash  coals,  but  less  so  than  that  of  X^yken's  valley.  It 
has  no  exterior  indications  of  impurity,  such  as  discoloration  from  oxide 
of  iron,  or  efflorescences  of  metallic  salts.  It  has  certain  surfaces  polished 
and  minutely  striated,  appearing  as  if  they  had  been  subjected  to  friction 
under  intense  pressure.  This  feature  is  not,  however,  of  so  frequent  oc- 
currence in  this,  as  in  many  other  samples  of  anthracite. 

Its  specific  gravity,  determined  by  two  specimens,  was  found  to  be 
1.465  and  1.4632 — ^the  mean  of  which  enables  us  to  calculate  tbe  weigtit 
of  a  cubic  foot  of  ^Ud  coal  at  91.505  pounds.  But  the  weighing  of  70 
bbarges  of  2  cubic  feet  each  in  the  state  of  lumps  gave  53.7939  pounds 
per  cubic  foot,  proving  that  the  actual  weight  in  the  market  is  but  0.5678 
of  the  calculated  weight  in  the  mine.  The  same  data  prove  that  41.64 
cubic  feet  of  space  will  be  required  for  the  stowage  of  one  gross  ton. 


Id  analyzing  the  two  specimens  above  referred  to,  the  first  ^ve.^f 
moistare  1.128,  and  the  second  1,06  per  cent. ;  and  of  other  volatile  matter, 
cbe  first  gave  3J272  per  cent,  and  the  second  2.56.  Fi-om  these  two  trials, 
the  tj^l  volatile  matter  is  4.01  per  cent. 

Another  experiment  to  determine  the  moisture  and  volatile  matter  was 
made  by  taking  4T)  spedmens  of  the  coal,  (some  out  of  each  day's  bqroingj) 
and  from  each  separatitig  a  small  fragment ;  alt  the  pieces  beu^  as  nearly 
as  possible  of  the  same  size.  These  were  then  pulverized  toget|;ier,  smd  a 
qnantity  of  the  powder  taken  for  analysis.  It  yielded  of  moicitlur3  0.415 
per  cent.,  and  of  other  volatile  matter  6.55  per  cent. — total  6.9€5. 

From  28  pounds  of  the  coal  dried  in  the  apparatus  attached  to  tho  boiler, 
d)e  moisture  expelled  was  1.897  per  cent. 

100  grains  of  the  second  specimen  above  mentioned  gave  0.00^2  of  9^ 
grain  of  sulphur. 

The  total  volatile  matter  obtained  by  Dr.  King  fi^om  two  specimens  of 
this  coal  was  5.7  per  cent.  To  ascertain  the  amount  of  earthy  matteir  in 
the  two  specimens,  three  trials  were  made  on  the  first ;  the  mean  xps^\t  of 
which  was  6.62  per  cent,  of  reddish-gray  ashes.  On  the  second,  fbur  in- 
dnerations  gave  a  mean  result  of  6.487.  The  perfect  incineration  was 
secured  by  keeping  the  assays  in  the  muffle  at  a  full  red  beat  for  more  th^ 
twelve  hours* 

On  the  powdered  coal,  from  forty  different  specimens  above  mentioned 
was  made  an  experiment  to  obtain  the  mean  amount  of  earthy  mtaMer, 
which  for  80.3  grains  of  coal  showed  5.58  grainy,  or  6.948  per  cent  of 
asbes  of  rather  deeper  color  than  those  from  the  two  specimens  above 
tried.    This  differs  from  the  mean  of  those  two  0^395  of  1  per  ceQt^ 

During  the  six  trials  of  this  anthracite  for  evaporative  power,  there 
were  burned  7,371.875  pounds;  from  which  the  "total  waste '*  wa« 
511.118  pounds^  or  6.933  percent.  Of  this  amount, a. pretty  laxge  por* 
tion  was  separated  in  the  state  of  clinker,  varying  from  35  to  48  per  ceixt. 
of"  the  whole.  The  proportion  of  clinker  in  this,  as  in  other  coals,  will  be 
found  greater  or  less^  according  to  the  greater  or  less  rapidity  of  the  co^-* 
bustion,  as  will  be  a{^arent  from  the  following  table  of  trials  above  re* 
ferred  to :  - 


e 


1<. 
Sd  * 

3d 

4th 
5th 
6th 


1566.395 
1075.835 
1089.078 
939.629 
1343.977 
1356.976 


103.830 
103.384 
S9.7S3 
77.»28 
91.440 
99.730 


96.9SS 
75.940 
8LS58 
67.840 
96.731 
93.037 


1 


49.433 
41.14S 
45.508 
43.788 
51.398 
53.573 


6 

•a 

•3 


47.500 
84.095 
36.850 
33.553 
44.433 
39.445 


I 

f 

I 


.4911 
.4581 
.4508 

.3497 
.4593 
.4340 


6.187 
6.993 
7«516 
7.1i66 
7.197 
6.855 


i^ifa 


Uppw 
Upper 
Vnm 

Lower 
Upp«r 


6 
8 
8 

4 
4 
8 
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From  the  above,  it  will  be  perceived  that,  when  the  coal  was  burned  at 
the  rate  of  about  101  pounds  per  hour,  the  clinker  was  40  per  cent,  of  the 
total  wasle ;  and  when  at  78  pounds  per  hour,  on  a  grate  of  the  same  size^ 
only  35  per  cent.  • 

Tlie  total  amount  of  ashes,  it  will  be  seen  from  column  fifth,  was  384.735 
pounds;  of  which  a  trial  by  reincineration  proved  that  j!2.0l  per  cent.^ 
or  62.67  pounds,  was  combustible — leaving  only  222.063  pounds  of  earthy 
matter.  The  clinker  lost  nothing  by  reincineration,  but  gained  a  small 
per  centflge  by  peroxidiztng  some  portions  of  tlie  magnetic  oxide  of  iron 
found  in  the  interior  of  its  masses.  Hence,  the  true  proportion  of  earthy 
matter  in  this  coal,  exclusive  of  the  dust  which  passed  into  the  flues,  is 
^^•|^  =  6.083  per  cent* ;  and  including  that  dust,  it  is  6;1253  per  cent. 
This  shows  that  the  analysis  of  forty  specimens  gave  a  residue  0.823  per 
cent  greater  than  the  combustion  of  three  tons  of  the  coal — a  result  which 
may  be  accounted  fbr  by  the  fact  that  some  dust  is  lost  in  the  combustion 
on  the  grate,  which  does  not  happen  in  the  mufile ;  and  that,  in  becom- 
ing ftised  and  vitrified,  the  hydrated  earths  lose  water,  becoming  anhy- 
drous silicates.  This  last  circumstance  is  indicated  in  the  table  above 
given,  in  which  it  will  be  perceived  that  the  three  trials  which  yielded 
rtie  least  proportions  of  waste,  (Nos.  1,  2,  and  6,)  are  those  in  which  the 
coal  was  burned  most  rapidly,  and  in  which  the  proportion  of  clinker  was 
also  higher  than  that  in  the  three  remaining  trials. 

The  clinker  was  taken  from  the  grate  in  large  fragments.  It  was  found 
necessary  occasionally  to  withdraw  it  daring  the  progress  of  the  experi- 
ments, in  order  to  maintain  the  activity  of  the  fire  and  the  uniform  action 
of  the  boiler.  Its  color  is  dark  reddish  brown  without,  and  nearly  black- 
within.  It  is  thoroughly  fused  and  completely  agglutinated  into  plates. 
The  portions  of  while  slaty  and  nnfused  matter  adhering  to  it  are  much 
less  frequent  than  in  several  other  samples  of  clinker  whldi  have  come 
under  observation.  Its  weight  per  cubic  foot  was  found  to  be  45.12^ 
pounds,  while  that  of  the  ashes  was  58.09  pounds.  6  pounds  of  dust  were 
found  in  the  flues  after  the  trials  of  this  anthracite,  which  weighed  at  the 
rate  of  22.4  pounds  per  cubic  foot,  and  proved  on  reincineration  to  contain 
51.75  per  cent,  of  incombustible  matter. 

It  appears  from  all  th^  above  data  that  the  constitution  of  this  anthra- 
cite may  be  taken  as  follows  : 

Volatile  matter,  (from  40  specimens)    .  .  •        6.965 

Earthy  matter,  (from  the  same)  ...        6.948 

Fixed  carbon   .--.--      86.087 


Total  -  -  -  •  -     100. 


Its  ignition  is  eflected  with  difficulty — having  required,  on  an  average, 
3.537  hours  at  each  trial  to  bring  the  boiler  up  to  its  uniform  rate  of  af - 
tion.  When  once  ignited,  however,  the  combustion  is  continued  until 
the  greater  part  of  the  cements  of  the  grate  have  undergone  incineration. 
The  mean  amount  of  unburnt  anthracite  withdrawn  was  only  26.6.46 
pounds ;  which  is  only  about  four-fifihs  as  much  as  was  left  of  the  Lehigh 
anthracite,  one-half  as  much  as  of  the  Lackawanna  coal,  less  than  one- 
half  as  much  as  of  the  Beaver  Meadow  mine  No.  5,  and  l6ss  than  one- 
fourth  as  much  as  was  withdrawn  after  using  Beaver  Meadow  No.  3. 

It  appear^  that  there  were  left  in  the  waste — 
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Par  e«ot  of  ctftau 

'  Of  Peach  Nf^iniain  anthracite  •  «  -  •  l.MO 

Of  Fotesi  Ifnproveimefit  •»  •  *  *  -  2.480 

Of  Beaver  Meadow  No.  5.  -  .  •  .  2.710 

«f  Lehigh            -            - .  -  -  -  ,       •  1.764 

Of  Lackawaooa  -            -"  -  -  -  -  2.075 

Of  Beaver  Meadow  No.  3.  -  -  -  -  4.800 

Of  Lyken^s  valley  .....  2.898     , 

The  manner  in  which  this  coat  acts  upqn  the  grate,  and  the  readiness 
with  which  its  cinder  agglutinates  itself  to  bricks  and  other  substances  of 
aa  earthy  nature,  will  constitute  some  objectioQ  to  its  ose  in  generating 
steam.  •     - 

For  use  in  parlor  grates^  where  a  slower  combustion  is  maintained,  it 
will  be  found  to  sustain  a  high  character.  The  synoptical  ^able  sbows 
that,  in  evaporative  power,  it  stands  at  the  head  of  the  anthracite  class. 

As  there  was  a  full  sample  of  this  coal,  several  variations  in  the  mode 
of  conducting  its  combustion  were  applied.  It  will  also  be  observied  that 
ample  time  was  taken  to  give  the  fuel  an  opportunity  of  showing  its 
power,  the  first  trial  having  l>een  commenced  at  40  minutes  past  mid- 
night, and  extended  to  7  o'clock  in  the  evening,  and  other  experiments 
protracted  through  many  hours  of  steady  action. 


78 

TABLE  XVI.— M:aCH 
ftrtt  trittt    Hffii'  damper  0  iiUhtM  tjfny ;  air  platet  doled  ; 


70  [  3^  3 

1«60NTAIN  AKf  tlRACITE, 

sUam  thrown  into  chimney^  and  imtdl/umaee  in  action. 


f 
t 


h 


1 


A<  fn* 


3.10 
8.30 


4.30 


0.45 


8.15 

9.05 

10.15 

11.06 

11.55 


1.15 
3.10 


3.10 
4.00 


5.00 


rio 


68.6 
69.3 
69.3 

69.6 

69.6 
68.3 
^9.1 
69.1 
67.5 


68.3 
68.3 
68.3 

68.9 
68.4 
69.5 
69.5 
69.5 
69.5 
70.8 

76.7 
71.7 
71.0 
71.0 
71.0 
70.4 
7h0 
73.6 
78.3 
78.9 
78.8 
73.3 
73.8 
t3.8 


81 
76 
77 

78 

83.5 

86 

90 

93 

93 


73.3 

78.0 

67.8 
69.7 


104 
134 
138 

150 
170 
196 
310 
336 
332 
354 

363 
372 
368 
373 
2S2 
386 
388 
301 
308 
330 
317 
315 
315 
319 


—  8 

—10 

10 
34 
37 

58 
67 
53 


336 

313 

170 
168.5 


60 
63 
51 
57 
58 
68 
49 

65 
56 

50 
50 
51 
59 
54 
61 
43 
46 
48 
46 
40 


0.733 

0.831 
0.911 
1.155 

1.785 
1.499 
1.351 


83 

33 

—16 
—  9 


1.934 
8.179 
2.119 
3.487 
3.395 
3.066 
8.799 

3.241 
3.633 
1.642 
3.391 
3.078 
3.638 
1^.733 
3.630 
3.670 
1.685 
3.126 
1.987 
3,077 
1.375 


RBMARK8.— Gnte  furface  14,%7  mmk  Iseti  lo^  of 
dzcuit  ofhcit  iSr  131  f9Bt^  hdi^t  of chiQHMf  08  jfnt 


Water  0.17  inch  below  normal  iBvel;  cooHoeiicod; 

safety  valves  double  weighted. 
Wood  consumed,  188^  lbe.t  commenced  charging  with 

coal;  water  0.46  inch  above  nomal  level. 
Removed  additional  weights  £rom  safety  valves  at  8^  45fi».; 

steam  then  blows  ofil 
Ash  pit  closed,  and  its  contents  thrown  on  grate. 
Steam  a  little  above  equilibrium. 
Steam  blows  off  freely;  momkig  doudyi  ms^  NE., 
Fire  getting  into  lively  action. 


Put  28  lbs.  of  this  coal  in  drying  appsEratua. 
Put  add*i  weight  on  safety  valve  (front)  to  prevent  fiMmtfy. 
Normal  level  temporari^  adjast«d  at  1  inen  below  vfaa*  it 
has  heretofore  been,  to  increase  steam  chamber. 


Raining  hghUy. 

A  chaige  of  this  coal  redooed  to  egg  siae  waijbifl  104.61bfi 
Water  in  boiler  about  0.3  inch  btlow  level;  fifling 
concluded  at  11  A.  8m. 


Commenced  dnsving  gases  from  kMvet  Ihio  «t  OA.  Mn.  p. 
m.;  drew  in  34  minutes  SCTeubic  Indbea^  whkkfltfv  0.57 
grain  water,  4.86  gnuna  caibcmfe  a^  mii  10.76  cnbk 
inches  oxygen;  lower  dandier  <^0IL 


NB. 


Cloody,  with  occasional  rain; 
Filled  tank  at  3A.  lOan.  p.  m.; 


Small  additional  weights  removed  fitnn  haoi.  vatie. 
Filled  tank  at  5A.  30m.;  cteiirfaigiipv~taintaii]iiig» 

Contents  of  ash  pit  thrtywn  ofi  gf^ttu 

Water  0. 6  inch  above  true  normal  kfvd;  both  vah«a  doiAk 

weighted. 
Water  left  at  1.6  inch  aboiw  true  nonntl  kfvcl; 'dooble 

weights  removed. 
Water  entirely  bek>w  the  scale  on 
Water  in  boiler  adjusted;  fires  in 


RESIDUA. 


Lbs.  47.0 


JtcbektadMdge 


Dsdoci  wood  ashes 
^-^    Total  waste  ftwa  coal 

Coks     • 


trJB 


I  3S8.] 


SO 

TABLE  XVII.— PEACH 
Seeind  trial — upper  damper  8  inches  open;  air  plates  closed; 


Date. 


A««.1I 


A.  M. 

0*55 

7.00 
7.30 


8.00 

8.30 
9.00 


9.30 
10.00 
10.30  |8S 
11.00 
11.30 


TXXPXEATVmKt    OT   THB 


79.5 

79 
78 


80 

79 
80 


80 
82 


88 
85 


F.  M. 

0.00 
0.80 


1.00 
1.30 
S.00 
2.30 
8.00 
3.30 

4.00 


Aug.  IS 


88 

87 


188 
89 
90 
90 
91 
91 

91 


7U.5 

79 
71 


4.30 
5.00 

A.  X. 

3.00 
4.00 


91 
189 

70 
74 


71 

71 
78 

71 
72 
73 
74 
75 

76 
75 


76 
76 
76 
77 
77 
77 

77 


I 


i 


s 

u 


»«0 

212 
283 


77 
75 

68 
69 


218 

224 
240 

262 
292 
306 
8S6 

842 
355 


861 
364 
372 
371 
376 
378 

880 


884 
378 

834 
230 


u 


.S 


800 


868 


76  2091  78 


76 

260 ;  74 

278  74 


293 
303 

302 
302 
300 
3041 
308 


74 
74 

74 
71 
74 
74 
74 


306  74 
301  76 


896 


00 


S 

o 
B 


■g 

s 

< 


228 
288 


75 
76 


o 


n 


30.03  0.352 


232 


232 


76 


77 


232  78 


76 

77 


895,  77 
303;  77 
302  77 
894  78 


886  78 


880  88 


884 

810 
806 


88 


88 


232 
233 
232 
232 
232 

232 
232 


232 
232 
232 
232 
232 
231 

832 


230 
830 

822 
215 


79 
79 
80 
80 
80 

80 
81 


81 
82 
83 
83 
84 
84 

84 


81 
83 

74 
74 


30.06 
30.04 

30.04 
30.04 
30.04 
30.  Oi 
30.04 

30.05 
30.06 


30.04 
30.05 
30.04 
30.04 
30.04 
30.03 

30.03 


.a 

''I 


7.03 


30.031  0.525|   .5.32 
30.04    0.610;   4.48 

30.03 


0.542    5.15 


30.03 
30.04 

30.08 
30.08 


0.545 
0.658 

0.540 
0.553 
0.548 
0.543 
0.543 

0.549 
0.637 


0.547 
0.533 
0,629 
0.528 
0.523 
0.534 

0.534 


0.519 
0.527 

0.441 
0.390 


5.12 
6.04 

5.17 
5.04 
5.14 
5.14 
5.14 

5.08 
4.20 


5.10 
5.24 
5.88 
5.89 
5.34 
5.83 

5.83 


5.88 
5.30 

6.14 
6.66 


0.20 

0.18, 
0.21 

0.30: 


0.33     268 


0.88 


436 


0.27 
0.28 
0.26 
0.29 
0.28 

0.28 
0.261 


0.30 

0.29 

0.29 

0.89 

0.30{ 

0  88 


0.86 

0.84 
0.86 


750 
1510 
8178 
8755 
8850 

3748 
4816 


4908 
5648 
6983 
6508 
7164 
7588 


8048 

8868 
9685 


0.15   9638 
0.15J10I63 


114.06 

105.75 
107. 75 


106.00 


114.50 


104.50 


106.85 


113.00 
114.00 


113.85 


Th«peri#d  of  stMbdyactkm  itcompoted  firomOA.  t.  m.  to  8^  80in.  p.  nu— 6A.  30iii.;ciMl 
pUed  to  the  grtto,  665.5  lbs.;  water  to  boiler,  7^087  lbs. 
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JMll^NTWN  ANTHRACITE. 

steam  thrown  int»  ehimMjfy  and  smatifurnaee  in  action. 


[  see  ] 


g 


I 
1 

i 


&.  m. 
5.55 

7.00 
7.30. 


9.00 


9.35 


11.10 


O.IO 


t.eo 


3.30 


69.7 

69.9 
68.0 


S 


hi 


163.5 

133 
145 


67.2 

^7.6 
08.6 

07.2 
f  08.1 
09.  C 
70.7 
71.5 

71.2 
70.9 


72.1 
71.8 
•71.5 
73.0 
72.7 
72.7 


188 

145 
160 

182 
210 
224 
243 
249 

256 
268 


273 
275 
282 
281 
285 
287 


—  9 

-1-24 
22 

46 

61 
71 


R£MAR^.— Grate  surface  14.07  cqaare  ibet;  lentfUltof 
circuit  of  heated  air  121  feet;  height  of  chimney  63  feeU 


70 
69 
68 
72 
76 

74 
69 


1.419 
0.890 
•  .\... .. 
1.664 
4  026 
3.507 
3  089 
2.622 

2.612 
8.036 


First  charge  dirown  on  grate  behind  wood. 

Water  brought  to  0.1  inch  abore  hornial   level;   cpm^ 

inenced  firing;  wind  NW.,  light;  dear. 
Wood  conaum^,  93  lbs. ;  steam  at  equilibrium. 
Filled  tank;   took    second  weights  from   eafety   valves; 

steam  Uowb  off. 
Level  temporarily  adyusted  at  1  inch  below  normal  level, 

to  increase  steam  chamber. 
Steam  allowed  to  blow  off  from  both  valves. 
Additional  small  weights  on  ^nt  safety  valve,  to  prevent 

priming.  ^ 

Small   additional  weight   on  safety  Salve    impedes  the 

escape  of  steam  into  chimney. 


1 
3  1361 

64 

3  92li 

63 

2  305* 

71 

2  262! 

70 

3.476 

63 

1.902 

FiUed  tank  at  0^.  10m.  p.  m. 

Commenced  drawing  gaMs  from  loi^'er  Oua  at  OA.  46lm« 
p.  m.;  drew  in  21  minutes  80  eubic  inches,  which  ganra 
0.66  grain  water;  5  62  grains  of  carbonic  acid,  and 
8.245rubic  inches  of  oxygen.  Temperattnreat  bath  84^* 


72.7  I   289 


72.7 
70.3 


293 
293 


54  I   2.781    FUIed  tank  at  4^  lim.  p.m. 


50 
54 


67.0  ;    Itfl 
06.6      15G 


—12 
—  9 


n    I  <  ■  I 


1.695i  Content))  of  ash  pit  thrown  on  gratr. 

Water  in  boiler  Ml  at  1.8  inch  above  o^rmal  le^el. 

Water  linch  below  narmal  level;  no  fire  on  grata. 
Water  in  boiler  adjusted. 


CfialBer  from  bdiind  bridge 


AAm  from  behind  bridge 


Pntndgi 

-  33.75 

-  0.84S 

-  37.00 
.        4.43 

75.5«ft 
Deduct  wood  ashes     ...-.---.       0.20S 

Total  wiste  from  coal-  .------.     75.24a 

Coke  •-.-  ,....,.     23.17S 


im.i 
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TABLE  XVIU.— mAGH 
Tkird  trial — upper  damper  S  inches  open  ;  air  plates  open  j 


'  Period  of  (teid;  actioii  to  day,  fi»m  7il.  a.  m.  to  2A.  SOm.  p.  m.  —  Til.  Mm.;  coal  wpplM  in 
Q«t  time,  073  Ibi.;  and  19  aeta  of  obaervatioiis  taken  t  water  ■iq>plied,  6,107|  Iba. 
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fSOXINTAW  ANTBRACITE. 

.frftam  tMratpn  into  eMmn^f-ttntl  tmaHfitrmtce  in  action. 


19862 


h  m, 
4.00 
4.46 


«.t3 


7.00 


9.00 
10.00 

11.06 
0.00 
K06 


S.80 


66.6 
66.7 

67.0 
67.5 
67.1 


68.4 

68.0 

68.8 
69.6 
70.4 
70.0 
71.2 
72.7 
72.1 
73.2 

71.6 
70.0 
73.6 


72.4 
73.3 
75.9 


73.0 
71.8 

70.3 
69.2 


156 
148 

142 
139 
138 


136 

148 

147 
172 
184 
189 
196 
204 
212 
•221 

235 
246 
251 


262 

247 
248 


249 
250 

104 

108 


If 

O  K 

8« 


I 

a> 

s 


$ 


—  9 
4-29 

26 
28 
38 

55 


74 

69 
64 
61 
73 
76 
70 
70 
71 

66 

63 


70 
66 
63 


56 
34 

-15 
-15 


I 


1.415 


1.953 

1.669 
2.342 
2.548 
2.098 
1.298 
2  676 
3.030 
2.659 

2.230 
1.085 
2.146 


1.868 
1.748 
2.236 


1.584 


REMARKS.— Grate  sur&ce  14.07  square  fbet;  lengdi' of 
circuit  of  heated  air  12 1  fett;  he^ht  of  chimney  68  feet* 


First  charge  of  coal  thrown  on  grate  behind  wood;  coal  fmaQ. 
Water  0.18  inch  above  normal  level ;  commenoed  finng.  \ 
Wood  consumed,  79  lbs.;  placed  second  weights  on  aafttf 

valves. 
Removed  second  weights  from  valves  at  5A.  a.  ra. ;  tempeim- 

ture  of  steam  234**;  morning  clear ;  vrind  NW.,  light 


Air  plates  opened  at  7  oVlock  a.  m. 


Filled  tank  at  Sh,  55m.  p.  m. 


In  consequence  of  the  tendency  of  the  boiler  to  priming 
through  the  front  vahre,  it  k  necessary  to  oontinue  the  use 
of  the  small  additional  weights  on  that  vtf  ve,  eauang  moat 
of  the  steam  to  escape  from  the  back  valve^  and  to  ghre  a 
slight  increase  of  pressure. 

Commenced  drawing  gases  firom  lower  6ue  at  Oh.  7m,  p.  m.; 
drew  in  28  minutes  100  cubic  inches^  vrhidi  gave  0.81 
grain  of  water,  4.86  grains  of  carbonic  add,  ai^  13.498 
cubic  inches  of  oxygen  gas ;  temperatnxe  at  bath  85^;  «t- 
moephere  hazy. 

Weather  cloudy  ;  wind  8W. 

Filled  tank  at  2A.  55m.  p.  nu 

Air  plates  closed ;  contents  of  ash  pit  thrown  on  grate. 
Water  1.3  inch  above  true  nocmal  leveL 

No  fire  on  grate ;  morning  dear ;  wind  <NWh  light 
Water  in  boiler  adjusted. 


RESIDUA. 


Cfinkcr 

ICIinker  b^nd  bridge 


behind  bridge 


Total  adiet  and 
IMoct  wood  Mhes 

Total  waite  from  ood 


'  36*00 

.  Q.35 

-  41.2fr 

-  4.60 


88.10 
0.948 

81.860 


Cdw 


•  84.087 


3  84 

Fourth  trial — vpper  tlamper  4  intttes  open  ;  oir  pfUta  ctoseiFt 


„...„,.. 

1 

2 

1 

■3 

i 

Z 

1 

1 

. 

.s 

2  . 

5^ 

1 

?^ 

i 

1 

L 

1 

•s 

•s 

1 

1! 

1 

4.S6  |7a 

71 

160 

s 

-S 

1 

S 

1 

-i' 

•s 

1 

> 

■s 

i 

i 

1 

Ai.g.U 

170|  80 

179 

11 

29.99 

0.9*7 

7.07 

0.10 

. 

. 

..3. 

79 

73 

141 

336'   80 

2S8 

76 

39.96 

0.639 

5.28 

0.19 

109.60 

7.00 

78 

76 

U9 

S18    80 

231 

78 

29.96 

0.53s 

6.23 

0.18 

_ 

112.50 

7.30 

79.6 

73.6 

lie 

331'  77 

SS8 

79.5 

39.96 

0.611 

5.46 

0,$U 

8.00 

81 

74 

148 

S34|  77 

229 

80 

S9.96 

0.616 

5.42 

0.33 

e.30 

74 

149 

S46'  77 

2S9 

8S 

19.96 

0.620 

6.37 

0.2 1 

0.00 

84 

7a 

16S 

S56;  77 

230 

•" 

39.95 

0.633 

5.S4 

0.33 
0.33 

- 

80 

108.S5 

"9^^ 

8t 

76" 

160 



364'  77 

23o!84 

'so!  95 

0.'537 

5.30 

10.00 

86 

166 

370'  77 

330|S5 

39.95 

0.536 

6.32 

0.85 

945 

- 

10.80 
11.40 

88 

89 

78 
76 

178 

188 

S84    77 
293'  78 

S30'86 

SSSfM 

29.95 

0.639 

6.28 
5.16 

0.23 

760 

100.76 

29,94!  0.641 

0.31 

845 

""T" 

11.80 

es 

77 

ao 

seal  78 

S31W6 

39,94  1  0,631 

6.3G 

0.23 

1410 

- 

0.60 

00 

77 

SIS 

274^  78 

S8196 

29.93  1  0.636 

6.32 

0.2^ 

1717 

110.M 

0.30 

90 

78 

236 

2811  78 

230  96 

2B.93I  0.537 

6.3U 

0.23 

2186 

I.DO 

91 

78 

sse 

2761  78 

230|b6 

39.93  1  0..M6 

6.30 

S5B7 

1.30 

89 

S44 

S9S|  78 

33087 

39.99  1  0.534 

5.33:  0.36 

2975 

104.25 

3.A0 

9S 

70 

25a 

3841  78 

233187 

39.98 '0.537 

S.30 

0.22 

8347 

S.30 

M 

SO 

367 

23UI)I8 

39.97    0.515 

.^,42 

O.Si 

3670 

107.60 

8.00 

93 

79 

aG4 

384 

m 

330i88 

39.86  ,  0.533 

6.34 

031 

1006 

8.30 

93 

79 

270 

276 

82 

2S0'9S 

39.84  !  0.629 

6.28 

U.Sl 

4345 

1IIJI& 

t.OO 

98 

80 

2S 

273 

83 

232  88 

39,93  1  0.521 

6.36 

O.Sl 

4657 

4.80 

OS 

81 

2M 

978 

83 

33188 

30.93    0.526 

S.33 

0.2 

.1031 

5.10 

Ot 

eo 

2SC 

379 

.... 

83 

S3388 

30,83    0.531 

5.38 

0.22 

o.so 

6i07 
6867 

1W.50 

'"5.35 
6.00 

95" 
94 

81 
80 

3«'b 
304 

278 
262 

"si* 

S4 

S8ol87 
1 

20.81  ;  0.531 

\ 
29,81  ]  0.519 

6.36 
6:38 

0.20 

"oeM 

......... 

Atj«.lS 

S.36 

re 

74 

S20 

310 

84 

226  80 

29.86    0.477 

5  74 

0.12 

6632 

- 

3.4s 

78 

78 

S06 

303 

84 

21 

,79 

29,87 

0.35O 

7.05 

0.18 

8827 

- 

Psri«d*fileady  x 

SioJ,54S.6lb«,;-w»t 
tbe  Mine  pf  rim). 


r  JcIirerwJ  lo  l>oilcr 
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MtGiff  AIM  ANTWWCITE. 
-^lum  fAwiaa  >nAi>  oAwtiKy^  anil  nnaU/umaet  t9  oetita- 


imj 


i 

A 

1 

i- 

.    ._ 

i 

■ 

P 

•3  = 

■ 

&EHARKS.-Gnte  nir&M  14.07  »i»re  &<«,  lenttli«r 
circDitofhotair  131  feel^ height  ofcliimney  63  ftM.' 

1 

1 

1     , 

1 

1 

1 

r 

!    ! 

A.». 

- 

6&e 

74 

—  9 

- 

4A.3Sra.iidditionalw«ghU,onv.Ivra.                       '^ 

7Q.7 

»s 

+  8 

- 

coalistamtteqaiUhnum. 

71.0 

—13 

AdiLticmal  weifhu  remoTcd  from  ntve;  s^ani  blotn  ofL 

71,8 

68.5 

+  a 

Monung  daa;  ^nnd  SW.,  lichl. 

6 

- 

71.0 

67 

17 

Cod  kept  aboat  S  uicboi  de^  on  t\fe  ^te. 

71.8 

71 

86 

0.434 

Moderate  file  in  owll  liiniacs. 

- 

Hfi 

- 

1S.7 

80 
M 

40 

1.404 

Dtropw  reduced  to  4  inchn. 

W.?o 

84 

S.1S9 

'   _ 

12.1 

100 

50 

0.460 

- 

78.6 

113 

61 

3.993 

11. 6S 

7«.fl 

■  133 

43 

1,639 

* 

74.4 

136 

51 

9.485 

Wind  SE.,bTuki  dear. 

74.1 

14fi 

46 

1.966 

7«.S 

155 

63 

2.215 

74.S 

160 

53 

l.fi7l 

Filled  lank  «l  V,.  25m.  p.  m. 

S.V 

76.1 

163 

45 

1.711 

Wind  SE,,  teiak;  clev 

7«.n 

64 

1.775 

3.33 

177 

46 

1.801 

7«.4 

188 

41 

1.653 

T7.a 

189 

47 

1.681 

Fire  in  amall  furnace  out,  and  ita  damper  dufd. 

- 

76.6 

193 

47 
41 

1.891 

Cloudj;  filled  Unk.  at  6A.  I6n..  p.  m. 

6.?0 

77.3 
7G.1 

301 
210 

3.336 

Content*  of  «>h  pit  thrown  on  gn**. 

33 

Water  1  inch  above  normal  level. 

_ 

73.3 

144 

—  16 

_■ 

Water  beW  the  glaaa  lube  of  gMge. 

r 

71.0 

118 

—  8 

Clinker  -,-..-..-.  3&)6 

OIiAm  befaiod  bridge ■•.HHt 

Ariua ■«* 

Aahn  behind  toidge 8.M 


Total  wiatofi 
<;ok<i 


need 67.841 
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TABLE  XX.— PEACH 
Fifth  triat~-timir  damptr  *  tnchu  optn  ;  ttirpfata  etOMtIr 


87 

il^PJTAlN  ANTHRACITE. 

tA^mmt-  hu»  ehimn^,  and  tmaUfitrfutce  in  action. 


[  a»6^ 


^^m^m^ 


3.45 
4.45 


5.35 


6.45 
7.45 


9.30 


U.OO 


1U47 


1.80 


3.00 


4.10 


5.10 


I 


t 

Q 


71.0 

69.5 
59.9 

69.5 


•«< 


69.5 
69.2 
66.8 

69.6 
71.2 
Wt7 
79.4 
71,2 
69. 7 
73.0 
7U2 

71.5 
70.9 
69.7 
68.4 
70.9 
69.4 
69.4 
70^9 
71.5 
68.4 
68.4 
69.7 


128 

113 
115 

116 


70,0 

66.6 
66.6 


118 
121 
127 

144 
157 
177 
195 
210 
227 
2451 
252 

268 
256 
254 
256 
260 
256 
257 
257 
255 
256 
266 
264 


—  8 

68 

75 

124 
162 
160 


264 

156| 

154 


190 
168 
177 
157 
157 
128 
108 
108 

108 
lU 
118 
108 
188 
116 
106 
108 
92 
180 
128 
102 


80 
—36 


•8 

O 

P 
1^ 


REM ARKSL— Grate  sur&ce  14.07  sqoara  £Mt;  langth  of 
circuit  of  hot  air  58.5  feet;  height  of  chiiniiej  63  feet   ^ 


0.568 
2.989 


First  charge  thrown  on  grate  behind  wood;  water  0^1  ii^ 

above  normal  leTel;  commenced  firing. 
Second  weight  on  saiSety  valve;  wood  conaumed,  85.5  Iba. 
Second  weighta  removed  iram  safety  valvet;  lower  damper  set 

at  4  inches  at  5A.  Om.  a.  m. 
Morning  dear;  wind  NE.,  light;  rain  last  night.  * 


FiUedtank. 


2.274 

2.765 

3a  691 

3.564 

4.51^ 

4.034 

3.522 

3.280 

2.685 
2.484 
2.315 
3.062 
3^77 
2.090 
2.560 
2.486 
1.938 
2.803 
2.145 
2.671 


Small  additional  weights  on  valves,  to  prevent  priming. 
Fire  in  vigorous  action. 


Filled  tank  at  llh,  47i7t.  a.  m. 


Wind  NW.,  briak;  cU«ur. 


Pilled  tank  at  3A.  35m.  p.  m. 


Water  in  boiler  left  at  1.5  inch  above  normal  leveL 

Very  little  fire  on  grate. 
Water  in  boiler  adjusted. 


RESIDUA. 


Cfinker 

Cliiiker  behind  bridge 

Asbes 

Ashes  behind  bridge  > 

Total  ashes  and  clinker 
Deduct  wood  ashes    - 

Total  wista  firom  coal 
Coke 


Foundi* 

.  47.00 
5.56, 


96.998 
0.26» 

96.731 
28.523 


Sixik  iriai,   ifwwr  damper  &  mmAm  ^Nn  ;  wir.piai^Mm^i 


'99  [[WW] 

i  wuHi/m'mmt\im'tieii»Ht  and  additioaal  vmghta  on  ta/tty  valves. 


s 

u 

1 

■ 

^ 

■ 

1 

k 

f 

1 

-Grate  mrface  14.07  iquire  feet;  length  of 

it>irl3l[eetibeighlofcliimnf7  63  EM. 

1 

i 

1 

1 

i! 

Ilm. 

S.40' 

66.6 

IM 

-to 

Fmt  dun«D  tlMm  <»  gnde  tahiiid  wmui;  watorin  boHtr 

6.30 

IM 

40ni.  >.  m.;  iBpiniDg  iknu^t  ni>d  K.,  ligiit. 

06.8 

I» 

+w  i     - 

T.io 

•a.6 

13» 

B 

Pined  tank:  t».9.ltinr  into  mal<M(<.«liDa.     . 

88.0 

IM 

6 

HS.8 

183 

13 

etMinMaw<iDC 

- 

69.6 

1» 

19 
30 

- 

"m^' 

■■,"»■■ 

s.n 

66.6 

IM 

48  1  01876 

- 

66.6 

1«« 

69 

' 

')     a-nutwoMMiralHM.  a.ia.te  loMd  danm  tlU  fient 
S-     TehB,  Hid  redne  the  wits  bmL 

1*.R> 

es.T 

IS8 

98 

s.5oi 

^Aflno  water  appetn  to  eacapo  wUb  *•  tfM«  from  lack 
<«hM,wMcr  in  bsik*  will  be  |>iAadlr  bDN^  a^>» 
naual  hei^t. 

'■■■■-" 

65.7 

186 

so' 

8.046 

11.07 

6B.S 

206 

56' 

3.689 

Water  at  nraal  beifdrt.  abo.«  n«in<il-4«el. 

0,00 

ea.fi 

314 

60 

1.748 

FiUedtuk. 

07.6 

337 

60 

8.490 

68.* 

306 

89 

1.658 

t.lfi 

68.S 

279.5 

68 

3.580 

70.8 

389 

6S 

8.999 

S.35 

74.8 

394 

69 

8.177 

88.8 

tot 

69 

81808 

3.W 

89.5 

810 

68 

8.838 

WiadNW.,lighL 

09.  S 

813 

53 

i.tes 

Wiod  NE.,  U0hl. 

4.se 

OS.S 

897 

87 

8:193 

68-8 

838 

38 

1. 086 

Fillod  luk  at  4A.  6«nl.  |K  m. 

69.8 

8» 

a> 

1.643 

5.H 

70.6 

136 

90  {  I.'801 

78.1 

MO 

38  1  1.787 

■•At 

rt.* 

MS 

m 

j-mdm^  <f  wdi  pit  ftrawn  mm  gntoii  7L  p.  ■.!  at  «. 

*"T"' 

■».v 

'wii" 

Sft. 

........ 

aOw.  p.  m..  water  «.9  i>dn>-W»w  ntmnal  knnL 

70.0 

317 

88 

■■: 

- 

WatM- brought  (0  1.3 inji  above  B«*«*lkTelrfae«tiUM 

pate. 

M.« 

184 

--  1 

- 

riuedtuk. 

- 

■71.0 

17* 

*« 

Water  in  boiler  adjuated. 

CJUgker  behind  hiid(|e 
jtSaatM^dadbridsB 


-  U»  39.000 

-  "       0.44S 
.     •<     48.350 

-  ,'<       6.630 


Total  fdiei  and  dioket    • 


-     "      *•*" 
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TABLE  XXil.— DEDUCTIONS  FROM 


1 

2 

4 

5 

6 

7 

8 

9 

10 

11 

\% 

18 

li 

16 

16 

17 

18 

19 

80 
81 
38 

88 

24 

86 

36 
37 

38 

39 
30 
31 
38 
88 
34 


38 

37 
38 
39 
48 

41 

43 
43 

44 

46 
46 

47 

■  »■ 


Nature  of  the  4au  famished  by  the  reepxUve  tabic*. 


Vm.  Trial. 
(Table  XYL) 


2d  Trial.     1     3d  TriaU 
ICI^Uila  Xvn.)  (TaUa  XT1H.) 


Total  duration  of  the  experiment,  in  hoora  •> 
Deration  of  steady  action,  in  hours  ... 
Area  of  grate,  in  square  feet  ... 

Area  of  heated  surface  of  boiler,  in  square  feet 
Area  of  boiler  exposed  to  direct  radiation,  in  square  feet  - 
Number  of  chai^  of  coal  supplied  to  grate 
Total  weight  of  coal  supplied  to  grate,  in  pounds 
Pounds  of  ooal  actually  consumed    - 
Pounds  of  coal  withdrawn  and  a^Munated  after  trial 
Mean  weight,  in  pounds,  of  one  cubic  foot  of  coal    - 
Pounds  of  ooal  supplied  per  hour,  during  steady  action 
Pounds  of  ooal  per  square  foot  of  grate  surface,  per  hour 
Tala]  waste,  ashes  and  cfinker,  from  100  lbs.  coal    • 
Pounds  of  clinker  alone,  from  100  pounds  ooal 
Ratio  oi  clinker  to  the  total  wyurte,  per  cent  *    - 

Tot^  pounds  of  water  supplied  to  me  boBer  - 
Mean  temperature  of  water,  in  degrees  Fahrenheit    - 
Pounds  of  water  supplied  at  the  end  of  experiment, 

to  restore  level      -  -  .  -  - 

Deduction  for  temperature  of  water  supplied  at  end 

of  experiment,  in  pounds  .... 
Peunds  waiter  evaporated  per  hour,  during  steady  action 
Cubic  feet  of  water  per  hour,  during  stndy  action    -  ' 
Pounds  of  water  per  square  foot  of  heated  sur&ce  per  I 

hour,  by  one  oakulation  •  -  .  .  | 

Ponnds  of  water  per  sqmure  foot,  by  a  mean  of  several  | 

observations         -  -  -  .  .  | 

Water  evaporated  by  one  of  coal,  from  initial  temp.  ' 

(a)  final  result  -  .  -  -  - ' 
Water  evaporated  by  one  of  coal,  from  initial  temp.  I 

(b)  during  steady  action  •  •  .  -  i 
Pounds  of  ftiel  evaporating  one  cubic  foot  of  water  .  I 
Mean  temperature  of  air  entering  below  ashpit,  during 

Aeaify  pressure    .  .  •  .  - 

Mean  temperature  of  wet  bulb  thermometer,  during 

steady  pressure     -  -  -  -  -  j 

Mean  temperature  of  air,  on  arriving  at  the  grate  -  I 
Mean  temperature  of  gases,  when  arriving  at  chimney  J 
Mean  temperature  of  steam  in  the  boiler        -  -1 

Mean  temperature  of  attached  thermomeler   - 
Mean  height  of  barometer,  in  inches 
Mean  number  of  volumes  of  air  in  manometer 
Mean  height  of  mercury  in  manometer,  in  atmospheres 
Mioan  height  water  in  syphon  draught  gauge,  in  inches 
Mean  temperature  of  dew  point,  by  calculation 
Mean  gain  of  teniperatnre  by  air  before  reachinggrate 
Mean  difierence  between  steam  and  escaping  gases    • 
Water  to  one  of  coal,  corrected  for  temperature  of 

water  in  dstem   ..... 
Water  to  one  of  ooal,  from  318^,  corrected  for  tern- 

perature  of  water  in  cbtem 
Pounds  of  water,  from  212*',  to  one  cubic  foot  of  coal 
Water^  from  313^,  to  one  pound  of  combustible  mat- 

rer  of  the  fuel       ..... 
Mean  preaaura,  in  atmosphM'es,  above  a  tkcuum 
Mean  passsure,  in  pobadacfar-sq.  ini,.alMWe  atmos.  • 
Condition  of  the  air  plates  at  the  furnace  Ividge 
Inches  opening  of  damper,  (U.  upper,  L.  lotrec)-.    r 


i^ifci**-**^' 


Kug,  10. 
39.35 
10.083 
14.07 
877.6 
18.76 
16.0 
1586.76 
1560.395 
19.366 
63.868 
103.83 
7.878 
8.187 
3.014 
48.078 
14666.0 
76®.  8 

3180.0 

388.0 
918.18 
14.66 

3.437 

3.414 

9.1145 

8.8333 
6.8673 

800.13 

73«.31 
33r>.0 
385<».36 
333<>.83 
76^.44 
^007 
6.003 
.6573 
.3824 
70^78  ' 
346«88 
63<».3 

9.0881 

10.374 
643.08 

10.863 
1.488 
6.911 

Claaed. 

U.     8 


illAg.    11. 

33  088 
660 
14.07 
377.6 
18.75 
10.0 
1089.0 
1076.836 
38.176 
54.95 
108.384 
7.376 
6  998 
3.1573 
46.143 
10168.0 
77^.3 

536.0 

67  0 
1090.30 
17.44 

3.8865 

3.886 

9.3843 

10.6491 
6.6603 

85®.  53 

74<>.4l 

333«.59 

398®.  3 1 

333'».00 

80*.  65 

30.04 

6.173 

.5388 

.3833 

70<>.65 

138^.06 

69<>.08 

9.3534 

10.678 
581.37 

n.3785 
1.4387 
6.3809 

Closed: 

U.     8 

■ .ifai  r 


Aur,  IX 
39.35 
7.60 
14.07 
377.5 
18.76 
10.8 
1114.0 
1089.67& 
34.937 
65.7 
88.733> 
6.877 
7.518 
3.3357 
44.347 
10118.0   ~ 
79^.0 

1608. 0 

306  0 
814.»8 
13.039 

3.15T 

3.146 

9.1013 

9.0T53 
6.7797 

860.81 

750.18 

393o.«S 

399^.47 

333P.08 

80P-44 

30.083 

5.08 

.5481 


71®. 
SO6O.44 
670.57 

8.0883 

10.3407 
570.39 

11.071^ 
1.4614 
6.6064 

OpMl. 

U.     8 


#1 

TABUB9  XVI,  XVU,  XVHI,  XIX,  XX,  XXI. 
Ahwu/ow  tmtAftuiie^eoal. 


tMi) 


4likTriiL 

■  ■   ■  ■          1 
SthTrtol. 

6ih  Trial. 

. 1 

CTWUtXIX.) 

(TMbtoXl.) 

(TU>leXX1.) 

Averaftes. 

Rflouki. 

Ai^.   U. 

Aug.    15. 

Aug*   16. 
36.917 

S8.88d 

35.667 

7.0 

,     9.417 

0688 

14.07 

14.07 

14.07 

377.5 

28700 

377.5 

* 

18.  TO 

18.75 

18.75 

9.0 

13.0 

13.0 

i 

97i.ft 

1373.6 

1380.0 

* 

939.029 

1848.977 

1350.976 

t 

» 

34.871 

28533 

29  024 

26.646 

With  the  upper  damper  drawn  but  4  incheiy 

64.138 

1       52.769 

53.308 

53.954 

theunbumt  coal  toft  is  34.87  lbs.;  in  tfad 

77.n8 

Ol.U 

99.73 

91.174 

oCher  tlW  trisis,  the  mean  amount  is  36  Ibat 

S.M6 

6.490 

7.088 

6.694 

- 

7;!^ 

7.M17 

6.865 

6.969 

t.4852 

3.2979 

3.8987 

3.0398 

34.078 

46.849 

43.338 

43.474 

■ 

6SS7.0 

18191.0 

13346.0 

80^.8 

830.5 

810.4 

1096.0 

1964.0 

1957.0 

318.0 

347.0 

354.0 

• 

*                                                           t 

717.867 

833.  OS 

893.85 

877.384 

' 

11.485 

13.326 

14.28 

14037 

^ 

LOOl 

31903 

3.3646 

3.347 

Fifth  trial  omitted  in- making  the  ateragw,  €tA 
aeoeont  of  the  difibccnce  in  the  amMiht  «f 

1.908 

3.884 

3.249 

8.0308 

8.887 

8.8373 

8.9933 

* 
• 

•.«17 

0.11 

8.95 

9.3032 

7.2378 

7.0338 

7.0733 

6.94 

- 

90*>.26 

88^.17 

890.59 

* 

70P.OO 

740.83 

740.19 

> 

S3l^69 

S08<'.09 

3490.67 

aO.50.38 

«Tr.l« 

363<>.61 

3030.0 

2920.43 

Fifth  trial  omitted,  for  the  reason  above  a»> 

sao^.oo 

3310.87 

3610.00 

signed.                                                          * 

800.00 

83<»«36 

840. 0 

so.  806 

39.93 

30.039 

f 

6.391 

5.306 

3.499 

.5379 

.5364 

.7099 

•    .«t7l 

.3000' 

.3001 

&A36 

Piflii  ind  siirth  trials  left  out'Of  wetags.- 

f  74^41 

70<'.30 

680.91 

.   ' 

141^44 

3100.93 

3000.08 

2010.97 

/ 

48P.38 

• 

135«.9 

510.69 

570.74 

Fifth  trial  omitted. 

(    t&ion 

-«t8007 

8.0C8I 

8.9002 

> 

r 

0.090S 

9.959. 

9.923 

10.1118 

/ 

:  634.93 

526.53 

528.97 

545.695 

) 

t0.7Sia 

lo^Oiit 

10i070a 

* 

l^^Ofif 

M34 

•«0003 

..M360 

aUth4ria|  Qiillledia  Ojis  •ynf^'                t 

6.9921 
Cto*d.  ' 

6.263 
Closed. 

'  16.657 
Closed. 

6,i325 

Sixth  trifd  onutlad  in  making  this  «yerig<y  cm 
account  of  excess  of  pressure. 

U.     4 

L.     4 

U.     8 

J 

,        ■■  ".        '     ■       •         * 

• 

1       ,       ' 

. '        1' 

*                      f 

'- .  :           .    f  >     , .    1    ■/ 

Anthracite  sent  by  the  Lehigh  Coal  athd  Navigation  Company^  Phila- 
delphia. 

"  Office  of  the  Lehigh  Coal  aiid  Navigation  Co., 

'<  PkHmi^hiUyJtdy  13,  IMS. 

<^Sir:  I  haye  taken  the  liberty  of  directing  to  your  address  foar  hogs- 
beads,  containing  two  tons  of  our  coal,  that  it  uMy  be  submitted  tp  the 
experiments  now  making  (I  believe  under  your  saperinteodcnce)  for  test- 
ing the  comparative  value  for  generating  steam  of  differeiH  kinds  of  eoeiL 
Oqr  intention  in  making  this  shipipent,  of  which  a  bill  of  ladhig  i$  hereto 
Hunexed,  wa^  recently  commumcated  to  you  by  Mr.  Josiah  White-  When 
|b0r«X{>e£ii;()anis  are  icoB0luded,/we  hope  lo  learfi  the  result  from  yon. 

"  I  remain,  sir,  yours,  very  respectfWIy, 

"J.  CQX,  Presidthl. 
«  Prof.  W.  R.  Johnson, 

«  Navy  Yard,  fVashingtony  D.  C.*' 

The  aspect  and  character  of  this  coal  leave  no  doubt  thai  it  will  rf»tpain 
for  any  desired  length  of  time,  either  under  shelter  or  in  the  open  air, 
without  material  change. 

The  coal  was  received  generally  iti  lamps,  requiring  to  l^e  reduced  in 
order  to  be  burned  advantageously  on  the  grate.  Its  aspect  is  that  of  most 
i4  theil^ixkc  aMhxi^Qites,  pofspessiug  a  deep  black  color,  shining  uMren 
sod  ^pJioieiiy  &ftofiil«,  with  occasional  exposure  of  conchoidal  forms;  a 
stiiated  rather  grayish  appearance,  generally  indicative  of  conslderkblc 
portions  of  earthy  impurity,  marks  certain  siirfnees.  Tl^  seams  ^  depo- 
sition are  seldom  followed  by  the  fractures. 

The  specific  gravity  of  two  specimens  was  found  to  be  1.61^S  and 
1.5679,  from  which  the  calculated  weights  per  cubic  foot  are  100. *r9  and 
97.99  pounds,  respectively,  or,  on  an  average,  99. 3£)^  pouuds. 

Thirty^ix  trials  of  the  weight  per  cubic  foot,  in  the  slate  in  which  the 
coal  was  received,  gave,  as  will  be  seen  on  reference  to  the  tables  of  trial 
for  evaporative  power,  55.316  pounds,  or  0.5566  part  as  much  as  that  com- 
puted from  the  specific  gravity  of  the  two  speciiaevis. 

From  the  above,  it  appears  that  the  space  required  for  ttie  stowage  of  a 

ton  is  jVttV  =  ^^'^^  ^^^^^  *^®^- 

Two  boxes  of  this  anthracite  were  reduced  to  egg  size ;  jlUe  first 

weigl^  119.A  piemodf^aAd  (he  seoond  115  pouada— proviog  that  (he  mean 

iveight  per  cubic  foot  in  this  state  is  58.625  pomids,  or  tkat  Ihe  gr^eston 

ivould  occupy  only  38.2  cubic  feet. 

From  an  inspection  of  the  columns  in  the  tables  under  the  head  of 
'^  weight  of  charges  of  coal,"  it  will  be  obsemd  4hat,  i«  a  few  cmm  in 
which  the  charge  box  was  nearly  filled  by  one  or  two  large  lum;^,  the 
weight  per  cubic  foot  was  as  high  as  60,  and  even  61  pouods*  ^^t  a 
cargo  made  up  wholly  of  stich  lumps  would  not  probably  weigh  much,  if 
sti  all,  more  than  the  average  55.316  pounds  ptfr«nbic  foot,  as  alMMtf  ob- 
tained. The i|i,QMin« fivii^  ttpptim^  d  wasiband  to  be  S.S47  percent. 
The  trial  of  fhts  coal  for  moi^mre,  in  the  appiiratus  oonuecttiid  with  t^ 
t>oiler,  showed  no  appreciable  loss  from  drying. 

The  total  volatile  matter^,  including  water^  was  found  to  be  5.885  j>er 


'Ait.  The  resiioe,  after  incinerating  a  portion  of  the  first  apecimen,  of 
-whieb  the  flpedfic  gnmly  iagiren  above^  aflMHioled\t6  6.W3 'per  cent. 

The  ashes  obtained  by  analysts  are  nearly  white,  or  onty  marked  i>y  Y 
Bli|[tt  grayish  tint. 

By  an  inspection  of  the  tables  of  experiments  on  evaporation,  it  will 
be  fbund  that  there  were  burned  of  this  anthracite -3838,25  pounds;  and 
that  from  all  the  trials  there  were  obtained  of  as/tea  235.76  poundf,  wA  i^f 
clidker  42^5  pounds— 4otal,  278.01  p6unds=:  7.253  pes  cent.  Areduc- 
tion  of  the  combustible  matter  remaining  in  the  ashes  eaased  a  loss  of 
26*91  per  cent,  of  their  weight — leaving  only  171^2  pounds  of  ashes; 
and  the  pulverization  and  exposure  of  a  portion  of  the  elintosr  to  reincin- 
erafion  at  a  brj^ht  red  heat  caused  a  loss  of  6.89  per  cent.,  reducing  it  to 
38.49  pounds  for  the  whole  amount  of  coal  consumed.  By  similar  treat- 
ment, 6  pounds  of  soot  were  reduced  to  3.156  of  ashes.  Thits  it  appears 
that  the  true  total  waste  is  213.496  pounds,  or  5.562  per  cent. 

From  these  data  it  should  seem  that  the  Lehigh  anthracite  is  composed 

Volatile  matter  ....    5.285  or    5.285 

Earthy  matter  -  -  -  -     5.562  or    6.663 

Fixed  carbon  •  -  -  •  89.153  or  88*052 

Too        Too. 

I II        I  I  **       ■  I  ■ 


The  dinker  of  this  coal  is  made  up  of  semi-vitrified  matter  and  frag- 
ments Of  slate  nearly  white.  It  is  usually  in  ^rnall  fragments,  and  the 
agglutination  is  not  sufficient  to  cause  much  obstruction  of  die  grate.  Its 
wetRht  per  cubic  foot  is  only  35.35  pounds  ;  while  that  of  the  ashes,  in- 
dudmg  the  fine  anthracite,  is  46.55  pounds  for  tlie  same  bulk,  and  that  of 
the  dust  fronTlhe  fiues  is  19.51  pounds. 

From  the  table  of  deductions  relative  to  this  coal,  the  total  waste  is 
found  to  have  been  on  an  average  7.2235  per  cent.  Hence  the  pToportiou 
of  combustible  matter,  which  escapes  actual  combustion  and  separation 
by  the  sieve,  is  about  li  per  cent. 

A  trial  of  this  coal,  by  means  of  litharge,  gave  27.377  times  it*  weight 
of  lead  reduced.  The  combustion  is  difficult  to  be  brought  ttr  its  maxi- 
URim  activity,  as  evinced  by  the  fact  that,  on  an  average,  it  requioed  3.268 
houxs  from  the  time  the  wood  was  withdrawn  from  the  grate,  and  the 
regular  charging  with  coal  had  been  commenced,  to  bring  the  botUr  to  its 
regular  action  ;  and  the  impracticability  of  corrtiouing  the  combustion  till  • 
the  whole  of  iho  coal  is  consumed,  is  proved  by  the  amount  withdrawu 
after  ei^eh  trial,  wlucb  averaged  36.125  pounds.  The  charaeler  of  the 
restdutm  of  this  coal  indicates  its  adaptation  to  use  in  close  stoves  atid 
furnaces,  in  which  a  high  temperature  is  required.  There  is  but  a  n)ode-  . 
tato  quantity  of  oxide  of  iret^,  and  Ae  ^ther  ingredients  show^  btxt  "httter 

In  the  smith's  fire;  this  hst-ntemloned  circumstance  would  be  rtrtKeif 
objectionable  than  otherwise,  as  it  would  tend  to  accumulate  cinders  in 
the  fi^»  without  afibrding  facilities  for  their  removal — such  as  a  speedy 
redudioa  to  a  fused  mass  gives  to  the  workman*  The  analysts  oi  gases 
from  the  cbimnev  showed  a  large  proportion  of  uuchanged  ah-— due,  in 
9ome  degree,  probably,  to  the  obMruction  which  the  air  meets  in  arriving 
at  the  surface  of  the  coal,  from  the  coat  of  ashes  which  covers  iu  suffice 
during  combustion* 
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TABLE  XXIII.-^LV 
Fif*t.1rial-^upp*rdimtptT  9inektn  open ;  air  ptafe* doted; 


••r 


*Btte. 


Oe(.31 


Vm.  1 


Hour. 


I'S. 

si 


A.    M. 

4.15 

505 
7.07 

7.30 
8.00 
8.30 


44 

42 
41.5 

41 

40.5 

43 


9.00 
9.30 

10.00 

10  45 

11.15 

11.45 

p.  X. 

0.15 

0.45 

1.15 

1.45 

2.15 

2.45 

3.26 

3.45 

4.15 

4.45 


6.00 
7.30 
8.40 

5.30 


TSXPKBATrKKS  OP  TUI 


e 


44 

46 

46 
46 
48 
50 


51 
58 
53 
56 
55 
56 
57 
57 


57   49 


5« 


38 

38 
37 

36 
36 
88 


38 
39 

39 
40 
40 

42 

43 
44 

44 
46 
46 
47 
40 
49 


fee  *i 

U 


Z   c 


c 
S 

.S 


106 

112 
126 

126 
122 
123 


130 
142 

154 
174 
184 
199 

208 
218 
234 
257 
262 
264 
272 
270 


136  54 


214 
242 

233 
231 
243 


46 


56 
4« 
46 

38 


4r 

41 
40 

34 


255 
266 

277 
286 
259 

284 

288 
270 
270 
284 
284 
282 
276 
282 


277  281 


290 


284 
268 
262 

182 


284 


269 
256 
2<0t 


189 


62 
53 

53 
53 
53 


53 
53 

52 
52 

50 

60 

60 
60 

50 
50 
51 
51 
51 
52 

52 
53 


p 


\< 


3i 

a 


154  46  t  30.30 


190  44.6 

22743 

I 

234  43 
232  42 
23d!42 


X 


Is  ' 


s 
I  1 1 

I  i  |-^ 


0.376  ;6.79 

30.33    0.378    6.77 
30.35  >  0.5*42  |  5.32 


fefi 


0.16 

0.30 
0.30 


30.87  0.572  j4.«6|0.3l 
30.39  0.642  5.12|o.35 
30.89    0.653    5.04  0.31 


233,43 
234145 


234146 
234  47 


48 

48 


234 
235 


234!48 

236148 

234148 

235]l8..3 

234.'S0 


53 
62 
52 

61 


234 
284 
234 

284 


61 
61 
61 


30  39 
30.40 

30.40 
30.40 
30.40 
30.39 

30  38 
30.38 
30  38 
30.37 
30.37 
80.37 
30  37 
30.37 


0.564    4.94  0.34 
0.660    4.98  0.34 


0.566 
0.570 
0.664 
0.555 

0.562 
0.562 
0.660 
0.563 
0.564 
0.563 
0662 
0,552 


51       30.37  !  0.560 


234161 


232 
232| 


23040 


223 


51 
47 


38 


30.37    0  664 


30.37 
30.39 
80.39 

30.87 


0.645 
0.650 
0.660 

0.465 


0.38 
0.39 
0.39 

0.38 

0.37 
0.36 


4.92 
4.88 
4.94 
5.03 

4.96 
4.96 
4.98!  0.36 
4.95;  0.40 
4.94'  0,40 
4.95i  0.36 
4.96,  0.36 
6.06  0.33) 

4.98!  0.36 


4.94 


0.36 


168 
247 

417 
820 


1142 
1620 
1988 
2310 

2730 
3085 
3345 
3684 
4018 
4850 
4793 
6113 

5360 


I 

o 

i, 


^ 


110.59 

118.00 
106.25 


106.50 


118.25 
110.50 


— 
122.25 

120.75 


5785 


5.12!  0.301  6345 
5.071  0.30  6345 
5.07^  0.27  T755 


7756 


5.90  0.23 


120.50 


Pedod  of  steady  action  from  9A.  Sim.  a.  m.  to  34.  52in«  p.  «.Miy^  90ii».;  Mgl 
tfiai  tUM»,592,26  n».{  watar»  4>»329  Ibf  ;  mi»  of  obMrratiQiM  teken,  12« 


-^ 


^«H  ANTHBAGITE. 

&t«(tm  tArofton ip^odutpfi^,  avd spiailjurjaaen  in  4tclt<^i. 


I^ltt/} 


§ 


h*  fn> 


7.J5 

7.27 
8.00 


g 
1 

8 
'I 


9.32 


10.45 

11.49 


1.17 
S.50 


3.(2 


*•• 


I     - 

I 

I  - 


21.7 

27.6 
24.2 

20.6 

22.25 

24.7 


21.7 
20.8 

20.8 
20.6 
20.6 
25.3 

27.4 
27  4 
27.4 
80.0 
31.8 
33.6 
38.5 
38.5 

38.5 

30.0 


8S.6 
80.1 
28.4 

19.8 


64 

70 

84.5 

85 

81.5 

80 


86 
96 

108 
126 
136 
149 

157 
165 
181 
201 
207 
208 
215 
213 

220 

224 


218 
222 
217 

144 


—18 

+84 

15 

—  I 

—  1 
4-10 

22 
32 


43 
52 
35 
49 

54 
35 
36 
49 
50 
48 
42 
48 

47 

50 

37 
24 

10 

--34 


n 


too 


I, 


.8 


0.889 
0.425 

0.900 
2.135 


1.706 
1.688 
1.949 
1.706 

2.225 
1.615 
1.642 
1.796 
1.770 
1.769 
1.760 
2.543 


REMARKS.— Gmte  snr&ce  14.07  square  feet^  length  of 
circuit  ofhetted  air  121  feet;  height  of  chimney  63  WttL, 


Commenoed  firing  at  4A.  28m.  a.  m. ;  fire  lighted  in  smtdk, 

furnace  at  same  time. 
Morning  clear;  wind  NW.,  light. 
Consumed  315.5  lbs.  of  wood;  cooMnenced  charging  with 

coal  at  7A.  15m.  a.  m. 
Steam  eecafica  at  7A.  36m. ;  upper  damper  set  at  8  inches  at 

7^  40m.  a.  m.  . 


Fire  in  good  action  at  9A.  55m.  a,  m. 


Filled  tank  at  1  Ih.  2m.  a.  m. 


1.308 
2.251 


Placed  28  lbs.  of  this  coal  in  drying  apparatus;  one  large 

lump  nearly  fills  the  box  in  ^e  7th  cburge. 
One  large  hunp  in  8th  eharge. 
Filled  tank  at  3A.  40m.  p.  m. 


Two  laige  lompain  9th  cfaai^ 
G«ntents  of  aah  pit  thrown  on  grate. 

Water  in  boiler  left  at  1.25  inch  above  normal  levd. 

Staam  still  escapea  cc^pionslyf  water  0.36  inch  below  nor- 
mal level;  water  at  Sk  40in.  left  0  65  inch  baiow  normal 
level. 

Water  needii^  .nn  adJiwInieBt 


REttDUA. 


JUbestefahid 


Totel  canker  and  ashes 
IMuet  wiood  ashes 


T«lal 


fromeoil 


Paundt. 

14.35 
.  64.75 
»     1.50 

'  70.50 
>     t.968 

.   69.632 
94.6 


TaW^  XXW.— Life 
Ssfond  trial — vpptr  damper  9  inatia  open ;  airpiatet  open; 


;e 

T 

.9 

s 

1 

1 

.fig 

1 

li 

1 

"B  . 

"5 

^ 

•3 

1 

t 

i 

i 

- 

> 

s 

S 

s 

e 

6.>l> 

0.K 

l03.tG 

c 

4,72 

o.at 

. 

i03JW 

s 

6.  IS 

0.30 

1A3 

_ 

0 

S.16 

0.30 

310 

0 

M6 

o.« 

910 

5.10 

U.SU 

390 

107'^ 

3 

b.Oi 

031 

413 

1 

&.ie 

0.30 

M3 

I03.M 

6 

8.03 

0.33 

728 

- 

« 

5,00 
S.03 

0.3a     lOM 

lO&XE 

6 

0.33     130* 

4 

4.94 

0.35  1  1017 

4 

S.03 

0.33  I  I86S 

106J* 

6 

5.01 

0.34  |3313 

a 

5.01 

O.aB     3S6S 

7 

eoo 

0.3S  !  257D 

11  LOB 

7 

6,10 

0.81 

3993 

t 

4.9S 

O.St 

33m 

iWLU 

6 

6.11 

0.33 

35SB 

8 

e.uo 

&.26 

0  36 

3781 

106.M 

1 

ftse 

"iHn 

■■■■-" 

3 

B.0* 

ft* 

4573 

- 

_ 

•04B 

_ 

S.13 

0.30 

8717 

6 

6.oa 

0.57 

UM 

- 

7 

ft.  10 

%.ts 

- 

- 

9 

B.SO 

0.50 

6817 
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' 

fnu'imiod  of  atnd;  u 
»«ffM  in  Out  time,  43: 


iiilajfrtmi  I1&.  I6ni.  i.  id.  to4A.  ISm.  p.  m.  —  tA.  HflhiO*! 
wUer,  S,779.5llM.|  KtaofobKirgtioiMUAcD,  II. 


"■17 

^ttam  thrown  into  chimney  j  and  small  furnace  in  action, 


r » .0 


§ 

a 


J 


I 


^ 


7^0 


9.14 
11.16 


lt.09 
3.10 
4.15 


g 

J! 

I 
! 


88.8 
31.8 
30.9 
31.9 
33.3 
33.S 


33.2 

36.6 

33.3 
88.3 
36.6 
39.6 
38.3 
89.8 
39.8 
43.6 
41.4 
42.9 

39.8 

89  8 


36.6 
86.6 

45.1 

49.4 


^i 

^ 


^& 


135 

113 

108 
104 
103 
101 
98 
98 


100 

104 

116 
125 
133 
138 
140 
143 
153 
159 
16Q 
174 

300 

198 


198 
194 

140 

143 


^36 
4-16 

+  4 

—  3 

—  9 
±  0 
-hH 

18 


33 


38 

44 

53 
38 
40 
44 
44 
40 
55 
44 
58 
.••*. . .«. 
33 

33 


30 
13 

—33 

—33 


II 


0.801 
0.931 

0.043 
0.460 
1.271 

0.396 


1.498 

1.564 
1.653 
1.303 
2.384 
0.275 
1.133 
3.193 
1.168 
1.915 
1.340 


1.048 


*    ■  V 


•«ite 


RBMAKK8  —Grate  sor&ce  14.07  square  feet;  lemgth  of  cur« 
cuit  <tf  heated  g;a90B  1 31  feet;  height  ofchinm^y  6^  f^cf. 


Morning  clear;  wind  NE.,  light. 

First  charge  of  coal  thrown  on  gr$te  behind  wood; 

menced  firing. 
Wood  consumed,  81}  lbs.f  second  weight  removed  firoa| 

safety  valve  at  Ih.  39m. 
Set  daii^>er  at  8  inches. 


Wind  SB, ;  clear. 

Air  pUtes  opened  at  1 U.  5fff. ;  fire  in  good  ftctioi). 

Filled  tank  at  1 U.  37m.  a.  m. 

Thick  bed  of  coal,  well  ignited,  on  grate. 
Clouding  over;  clouds  0>'ing  from  south* 


Clear;  filled  tank  at  Zh  45i7i.  p.  m. 

A  part  of  contents  of  ash  pit  throwri  on  grate. 

Contents  of  gsh  pit  thrown  <m  grate  at  4&.  50m. ;  water  Ifft 

in  boiler  at  1.5  inch  above  normal  leveK 
Water  la  boBer  at  normal  level. 

Water  in  boiler  brought  1.1  inch  above  normal  leveL 

Water  0.8  inch  below  normal  leveL 

Water  left  in  boiler  I  inch  above  normal  level. 

Fire  on  grate;  water  8.8  inches  below  normal  lextU  morn- 
ing rainy. 

Water  adjusted;  considerable  ignited  anthracite  inaoted 
from  grate* j 


RESIDUA. 


Gfinker 


Aihes  behind  brid^ 


Deduct  wood  aahei - 
Tatd  waata  fimn  coal 


9.00 

60.75 

1  35 

71.10 
0.351 

70  84$ 


49. 2S 
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TABLB  XXV.— LB 
Third  irial-^upper  damper  10  inches  open;  air  plates  closed; 


Date. 


Nov.  2 


Nov.  » 


Hour. 


A.  HI* 

▲.  M. 

6.80 

7.20 
7.80 
8.00 
8.80 
9.00 


9.45 
10.00 
10.80 
11.00 

11.80 

p.  M. 

0.00 
0.80 
1.10 
1.80 

2.00 
2.30 
8.10 

8.80 
4.00 


5.16 
5.80 
8.15 
8.47 

11.10 

6.20 


TXXPBBATVmXt  07  TIB 


50 

53 

51.5 

52 

58 

54 


55 
55 
56 
58 

58 

60 
60 
61 
64 

64 
64 
64 

67 
66 


57 
57 
56 
56 

55 

44 


I 


s 


48.5 

51 

48.5 

49 

49 

49 


50 
49 
50 
52 

52 

53 
52 
58 
55 

55 
55 
55 

56 
55 


50 
50 

148 
48 

46.5 

39 


J- 


■^ 


196 

184 
179 
170 
156 
170 


173 
174 
182 
188 

198 

206 
222 
233 
26) 

280 
272 
300 

309 
324 


>5J00 
294 
272 
264 

234 

192 


8 

a 


194 

254 
250 
247 
251 
258 


274 
277 
278 
288 

290 

289 
288 
270 
298 

320 
298 
296 

296 
280 


274 
264 
244 

240 

231 
192 


.S 


52 

52 
52 
52 
52 
53 


53 
50 
50 
50 

50 

50 
50 
50 
51 

51 
52 
52 

54 
54 


54 
54 
54 
54 

54 

54 


220 

231 
285 
280 
280 
232 


232 
233 
232 
233 

232 

233 
233 
232 
233 

234 
284 
283!60 

282  60 
282!60 


60 

SO 
50 
50 
50 
50 


53 
54 
64 

54 

55 

55 
56 
56.5 
57.5 

58 
60 


29.95 

29.95 
29.96 
29.97 
29.97 
29.97 


281.60 

229  59 

230  55 
23055 


230  53 

I 
22346 


29.96 
29.95 
29.95 
29.96 


t 


0.426 

0.588 
0.588 
0.537 
0.636 
0.536 


0.549 
0.550 
0.549 
0.551 


29.95    0.539 


29.94 
29.93 
29.94 
29.93 

29.92 
29.91 
28.91 

29.91 
29.91 


29.92 
29.90 
29.95 
29.96 

29.96 

80.11 


0.547 
0.556 
0.538 
0.558 

0.567 
0.562 
0.561 

0.560 
0.663 


0.547 
0.534 
0.551 
0  543 

0.553 

0.492 


6.20 

4.70 
4.70 
5.19 
5.20 
5.20 


5.08 
5.07 
5.08 
5.06 

5.18 

5.10 
5.02 
5.18 
5.00 

4.90 
4.96 
4.97 

4.98 
5.04 


I 

.a 


I 


0.22 

0.25 
0.82 
0.30 
0.81 
0.80 

a34 
0.32 
0.31 
0.34 


242 
820 

485 

737 

787 

1067 

1377 


6.10 
5.21 
5.06 
6.14 

5.04 

6.64 


0.34 

0.34 
0.33 
0.32 
0.43 

0.33 
0.34 
0.32 


1692 

2017 
2263 
2687 
2967 

3165 
8822 
4327 


0.32 
0.30 


4546 
4880 


0.28i  5371 
6084 
6084 

0.28!  6636 


0.25^ 
0.261 


0.35 
0.28 


6801 
6803 


111.M 


102.00 


107.60 


104.00 


112.25 


111.60 

114.06 
115.25 


T^be  period  of  steady  action  extends  from  lOA.  57m,  a.  m.  to  2A.  40m.  p.  obsSA.  48m.;  ooil 
«qpplie4  840.75  lbs.;  water,  2,644  lbs.;  and  of  observations,  8  sets  were  takea. 
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UIGH  ANTHUJieiTE. 


steam  thrown  into  chimney,  and  amall  furnace  in  action. 


6.30 
7.20 


8.87 


9.15 


10  57 


0.16 


1.36 
S.40 


43.9 

48.6 
44.4 
45.1 
43.8 

48.4 

43.8 
41.1 
42.6 
45.4 

45.4 

45.7 
43.8 
44.7 
46.7 

46.7 
46.7 
46.7 

46.5 
45.0 


146 

131 

127.5 

118 

103 

116 

•»•«•••« 

118 
119 
.126 
130 

140 

146 
163 
172 
197 

216 
208 
230 

242 
258 


—86 

4-23 
15 
17 
21 
26 


1.282 
0.411 
0.878 


41.4 
41.4 
36.8 
36.9 

8814 

263 


243 
237 
216 
208 

179 

US 


42 

44 

0.667 

41 

1.748 

50 

1.642 

58 

.1.668 

56 

1.721 

55 

1.303 

48 

1.685 

65 

2.225 

86 

1.048 

59 

3.481 

63 

2.006 

64 

1.740 

48 

1.817 

43 

1.021 

36 

M 

14 

M 

10 

- 

1 

- 

—31 

- 

REMARKS.-— Grate  snriace  14.07  sqiugre  feet;  length  <^ 
.  dreult  of  hetted  air  121  feet;  height  of  chimney  63leet 


Heavy  rain  last  night;  morning  dear;  wind  W.,  light 
First  charge  thrown  on  grate  behind  wood ;  commenced 

firing. 
Consumed  86.5  lbs.  of  wood. 
Steam  escapes  by  removing  2d  weight  from  safety  valve. 


Ash  pit  dooTF,  that  hafl  been  open,  now  dosed. 

>  Wind N W.,  brisk;  clear;  water  0.3  inch  above  normal  leveL < 
5  Filled  tank. 


Fire  in  good  action. 


Ash  pit  door?  opened  from  \h.  15m.   to  \h.  30m.  p.  m.|; 

pressure  rises. 
Took  2d  weight  from  back  valve  a(  2A.  p.  m.;  again  opened' 

ash  pit  doors  at  2A.  10m.  p.  m. 
Filled  tank  at  3A.  25m.  p.  m. 


Contents  of  ash  pit  thrown  on  grate  at  3A.  40m.  p.  m.;  aah* 

pit  doors  closed  at  4A.  p.  m. 
Damper  reduced  to  4  indies. 
Water  left  at  1.46  inch  above  n<nmal  level. 
Water  0.5  inch  below  normal  level. 
Double  weighted  safety  valves  to  fill  up  boiler ;  water  left 

0.7  inch  above  normal  level. 
Wind  boirteronsy  NW.;  water  left  0.5  inch  above  nonnal 

level. 
Water  in  boiler  needs  but  little  adjtistment. 


Cfinker 


RESIDUA. 


Total  ettnker  and  islies 


Told 


ftoaieoal 


xn0lfflai»- 

6.76 

4S;tlO* 

l.2t 

66.01' 
0.866 

§6.746 

dBSSSS 

87.6 
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TABLE  XXVI  —LB 

Fourth  trial — upper  damper  10  ineftesopen;  air  plates  removedf  steam 


Hour. 

,„„.™.»o. 

„ 

.s 

s 

"i 

.E 

1 

•3 

II 

■8 

1 
1 

Dale 

'A 

[IT 

priir 

i 

.5 

k.m. 

I 

i 

1 
'< 

■3 

1 

: 

_ 

1 

2 

t 

1 

1 

■ 

Nou.  8 

6.20 

44 

39 

mj54 

22s 

46 

30.16 

0.492 

5.64 

0.S3 

- 

I0S.31 

6.80 

47.6 

41 

338|  54 

231 

45 

30.16 

0.5B6 

4,72 

0.32 

- 

110  3S 

7.30 

48 

41 

333!  54 

336 

^6 

90.16 

0.686 

4.72 

0.39 

_ 

8.  DO 

49 

4! 

33I{  M 

232 

45.4 

30.18 

0  543 

6.14  >.S9 

140 

I07.7i 

8.36 

48 

41 

330|  54 

30.  IS 

0  65B 

S.OI  10.31 

tS6 

9.00 

48 

43 

333'  M 

40 

ao.i7 

0.649 

6.08 

0.31 

808 

B.80 

49 

43 

340    54 

46 

30.17 

4.94 

0.33 

387 

10.00 

48 

41 

364    64 

47 

30.17 

(I.5BB 

4,90 

0,35 

4T4 

107.50 

10.80 

SO 

43 

265   M 

233 

46 

80. 16 

0.662 

4.96 

034 

7(1 

io6.sa 

ii!oo 

.■ii 

48 

39Vi  60 

"334 

48- 

30.16 

oVisi 

'4.74" 

0.46 

711 

11.30 

51 

43 

1 

320^  61 

235 

18 

30.16 

0.576 

4.80 

0  40 

1SS4 

- 

0.00 

53 

48 

306 

51 

234 

48 

30.15 

0.570 

4.es 

060 

1889 

120.50 

0.30 

S3 

49 

301 

50 

16 

80.14 

0.684 

4  74 

0  40 

2271 

112.7s 

1.00 

58 

60 

1 

307 

51 

49 

30.13 

0.564 

4.74 

0  44 

3086 

1.30 

S« 

48 

309 

51 

235 

49 

30.13 

0.684 

4.74 

0.45 

3300 

119.5C 

9.00 

56 

47 

J 

339 

53 

236 

50 

30.13 

0.596 

4.63 

0.51 

3774 

_ 

a,  60 

58 

48 

J 

310;  53 

235  50 

30.13 

0.678 

4  80 

0.40 

6uee 

108.75 

3.10 

« 

47 

328!  53 

336  50 

30.13 

0.696 

4.63 

063 

BOCO 

. 

3.40 
4.00 

: 

48 
SO 

304 
^14 

52 
53 

334|60 
386  51 

30.13 
30.13 

0.578 
0.684 

4  80 
4.74 

0.40 
0-43 

seoo 

117.7S 

Si^ 

"'Z'" 

4.30 

S9 

50 

33u 

52 

335:51.5 

30.16 

0,580 

4  77 

0.42 

U30 

- 

6.09 

L. 

43 

290 

52 

383  51. 3 

30.14 

0.576 

4.63 

0.88" 

T030 

- 

6.86 
7!m' 

5! 
46 

43 
41 

>» 

52 

334151 

80.16 

0.680 

4.73 

0.83 

•.se 

74S3 
7433 

-/ 

.... 

'es 

333  48 

30.17' 

0.666 

6.01 

8.  IS 

40 

41 

,.. 

52 

J,, 

30.17 

0.656 

s... 

0.27 

8056 

- 

Nov.  4 

6.45 

40 

37 

.». 

60 

fi24'42 

80.19 

0.503 

6.58 

oai 

8067 

_ 

T.ao 

40 

36 

192 

50 

21741 

30-19 

0.414 

«.14 

0.31 

84781      -    1 

ISnKofilrad;  h 
Dm.)  «>t«T,  4,819  I 


301 


[mj 


thrown  into  cMmOty;  mall  furnace  in  action,  and  athpit  doort  open. 


8 

8 


1 


E 


6*66 


7.66 


9.36 

10.20 


U.46 
0.25 

1.14 


%.%0 


3.%8 


l<i 


i 


36.2 

24.4 

26.5 
27.5 
26.5 
^.7 
27.6 
25.6 
29.6 


27.4 
27.4 

81.8 
31.8 
40.1 
86.8 

33.6 
84.0 

88.6 
85.5 

40.1 
89.0 

27.4 

26.8 


80.1 

80.1 

28.8 
23.9 


II 

h 


—31 

+  * 

—14 
— U 
—  2 
—10 

21 
32 


63 
85 

72 
^9 
71 
74 

103 
76 

92 
70 


78 

96 

57 

41 

28 

26 

—30 
—25 


ll 


i 


0.741 
0895 
0  520 
0.471 
0  407 


0.827 
3.036 

3  046 
2.188 
2.246 
2.723 

2.994 


2.988 

2.829 


2.654 
2.628 


REMARKS.— Grate  mr&ee  16.26  squiM  itet;  kmgth  of 
circmt  of  heated  air  12 1  teet ;  height  of  chimney  68  ieu 


Mominf  deal* ;  fWhd  PTW.,  htlA. 

Fint  diarge  AiroWn  on  ghite  behbdwood ;  commenced  firing ; 

water  0  2  inch  below  normhl  level. 
Wood  consumed,  70.26  lbs.;  after  wood  was  withdrawn^ 

manomMer  sunk  to  0.668. 
Second  weight  removed  fi>om  vitlve,  when  pressure  hsd  ^t 

up  again. 


Water  0.6  int;h  libore  normal  level ;  filfing  tank. 

Pilled  tAtik ;  Are  in  good  Action  %  drew '100  cubic  indies  of 
gases  m  79  minutes  at  intervals  frmn  1  \h.  4m.  a.  m.  to 
8/u  10m.  p.  m.,  Whi^  gav^  water,  0;  carbonic  add,  2.M 
grains;  and  oxygen,  17.5  cubic  Indies;  mean  temperature 
49^  at  bath. 

Fire  in  fine  action. 

A  charge  of  this  coat  (8  lbs.)  i^uced  tO'egg  site  jint  teliled 
the  box;—  119.5  lbs. 

Another  charge  of  this  ooal,  %g  ^le,'  weighed  115  lbs. 

Water  0.8  inch  above  normal  level ;  coal  fram  «ril  pit  thrown 
on  grate. 

Ftlied  tank  at  8A.  27m. 


Contents  of  ash  pit  thrown  on  grate ;  ash  pit  doors  cl^leod. 

W«ter  at  0.4  inch  above  normal  level ;  damper  reduced>to  4 

inches. 
Steam  allowed  to  escape  from  back  valve ;  water  1.4  inch 

above  normal  level. 
Water  0.85  inch  bdow  normal  level ;  douUe  weighted  back 

valve. 
Water  left  0.6  inch  above  normal  level. 

Water  1. 16 inch  below  normal  level ;  morning  doudy. 
Water  brought  to  proper  level. 


CU«lwr. 

Aabefl  •  • 

Ashet  behind  bridge 

T914I  clioker  and  atb^n 
Deduct  wood  asbet 


RESIDUA. 


Total  w 

Coks 

Sooi 


fromeoo) 


Pounds. 
14.43 

.      8214 

OJZIG 


81.M4 

■    '1 1' 
3325 

60) 


C3W] 


IM 

TABLE  XXVII.— DEDUCTIONS  FROM 

on  Le 


•~ 


1 
s. 

3 

4 

5 

6 

7 

8 

9 
10 
11 

13 

U 
15 
1^ 

17 
18 

19 

SO 
91 
99 

93 

94 

95 

96 
97 

98 

90 
80 
31 
39 
33 
34 
35 
36 
37 


39 
40 
41 

49 
43 

44 

45 
46 
47 


Nature  of  the  dati  fiimi^ed  by  the  respective  tables. 


1st  Trial 

(Table  XXIII) 


9d  Trial. 
(Tsble  JUaVo 


Total  doratioQ  of  the  experiment,  in  hours  - 
Duration  of  steady  action,  in  hoars 

Area  of  grateu  in  square  feet  .  .  -  - 

Area  of  heat^  sur&ce  of  boiler,  in  square  feet 
Area  of  boiler  exposed  to  direct  radiation,  in  square  feet 
Number  of  charges  of  coal  supplied  to  grate 
Total  weight  of  coal  supplied  to  grate,  in  pounds     - 
Pounds  of  coal  actually  consumed  -  -  -  < 

Pounds  of  coal  withdrawn  and  separited  after  triid  - 
Mean  weight,  in  pounds,  of  one  cubic  foot  of  coal   - 
Pounds  of  coal  supplied  per  hour,  during  steady  action 
Pounds  of  coal  per  square  foot  of  grate  surfece,  per  hour 
Total  waste,  ashes  and  clinker,  from  100  pounds  ol  coal 
Pounds  of  clinker  alone^  from  100  pounds  of  coal    - 
Ratio  of  clinker  to  the  total  waste,  per  cent 
Total  pounds  of  water  supplied  to  the  boiler 
Mean  temperature  of  water,  in  degrees  Fahrenheit  - 
Pounds  of  water  supplied  at  the  end  of  experiment,  to  restore 
level      ------- 

Deduction  for  temperature  of  water  supplied  at  end  of  experi- 
ment, in  pounds  .  •  -  -  - 
Pounds  of  walHr  evaporated  per  hour,  during  steady  action  - 
Cubic  feet  of  imter  per  hour,  during  steady  action  - 
Pounds  of  water  per  square  foot  of  heated  surfece  per  hour, 
by  one  calculation          .            .            •            .  • 
Pounds  of  water  per  square  foot,  by  a  mean  of  several  obser- 
vations ------- 

Water  evaporated  by  1  of  coal,  from  initial  temperature  (a) 

final  result         .---.- 

Water  evaporated  by  1  of  coal,  from  initial  temperature  (b) 

during  steady  action        .  .  .  .  - 

Pounds  of  fuel  evaporating  one  cubic  foot  of  water  - 
Mean  temperature  of  air  entering  below  tjAt  pit,  during  steady 
preasure  ...... 

Mean  temperature  of  wet  bulb  thermometer,  during  steady 
pressure  --••.- 

Mean  temperature  of  air,  on  arriving  at  the  grate     • 
Mean  temperature  of  gases^  when  arriving  at  the  chimney    - 
Mean  temperature  of  steam  in  the  Ixuler      ... 
Mean  temperature  of  attached  thermometer 
Mean  hei^t  of  barometer,  in  inches  .  .  . 

Mean  number  of  volumes  of  air  in  manometer 
Mean  height  of  mercury  in  manometer        ... 
Mean  height  of  water  in  syphon  draught  gauge,  in  inches    - 
Mean  temperatura  of  dew  point,  by  ealculation 
Meui  gain  of  temperature  by  the  air,  before  reaching  grate  - 
Mean  difference  between  steam  and  escaping  g<ses  - 
Water  to  1  of  coal,  corrected  for  temp,  of  water  in  dstern    - 
Water  to  1  of  coal,  from  919^,  corrected  for  temperature  of 
water  in  cistern  ....... 

Pounds  of  water,  from  919^,  to  one  cubic  foot  of  coal 
Water,  from  912^,  to  one  pound  of  combustible  matter  ef  the 

friel 

Mean  pressure,  in  atmospheres,  above  a  vacuum 

Mean  pressure,  in  pounds  per  square  inch,  above  atmosphere 

Condition  of  the  air  plates,  at  the  frimaee  bridge 

Inches  opening  of  damper,  (U.  upper,  L.  lower)     - 


(M.  81. 

95.95 
6.833 
14.07 
377.6 
18.75 
9.0 
1033.5 
999.0 
34.6 
67.4166 
93.518 
6.647 
6.96 
1.407 
90.915 
7755.0 
6l«.4 

0.0 

0.0   , 
683.56 
10.93 

1.810 

1.846 

7.7697 

7.309 
8.0513 

59<'.06 

43<».8l 
990*.3l 
976<>.75 
934M9 
48<».41 
30.389 
4.96 
.569 
.8714 
98<».31 
168^95 
44«.46 
7.7697 

8.9761 
515.38 

9  6476 
1.4345 
6.4174 
Closed. 
U.     8 


JVbv.  1. 

93.917 
4.083 
14.07 
377.5 
18.75 
9.0 
957.95 
908.0 
49.96 
53.1806 
108.418 
7.706 
7.809 
0.9879 
19.661 
6817.0 
60*».5 

949.0 

141.0 
666.994 
8.896 

1.475 

1.494 

7.3594 

6.494 
8.5007 

55^07 


48<>.91 
901^91 
975®.36 
933®.  91 
59<>.46 
30.977 
5.038 
.6536 
.3373 
38*».70 
146«.14 
46M8 
7.3594 

8.5068 
459.60 

9.9988 
1.4298 
6.3447 
Open. 
U.     8 


TABLES  XXIU,  XXIV,  XXV,  XXVL 
Jkigh  onthraeite  coal. 


C.atts-r 


9dTtUL 

CTableZXY.) 


Noff,  3. 

23.833 
8.716 
14.07 
377.6 
18.75 
8.0 
875.6 
S48.e 
97.6 
64.715 
91.698 
8.617 
8.678 
0.7998 
12.0621 
<)803.0 
«1<».7 

0.0 

0.0 
711^1 
Uc88 

1.885 

1.884 

8.0224 

"7.788 
7»79t7 

60^86 

68<*.0 
im«.28 
■287<*.64 
232«.71 
68^.84 
98L838 
6.044 
.658 
.3437 
46«.01 
178^.42 
61^876 
B.0224 

-9.9088 
«07.18 

9.9207 
1.4247 
8.9780 

CloMd. 

U.     10 


4tii 
(T»Ue  XXVL) 


iVb9«3. 

26.0 
5.133 
18.26 
877.5 
91.66 
10.0 
1116.5 
1088.96 
88.96 
56.826 
112.45 
6.92 
7.669 
1.128 
14.922 
8473.0 
51^6 

418.0 

63.0 
968.4 
16.88 

2.538 

2.618 

7.788 

8.010 
8.0468 

54^.93 

48^.48 

809^.6 
234<'.86 
49®.  64 
80.14 
4.767 
.5821 
.4458 
88<».02 

77<'.4 
7.768 

8.9747 
601.01 

9.7086 
1.4941 
7.2970 

U.  19 


Av*enig60. 


36.195 
55.2843 
101.521 
6.9475 
7.2286 
1.079 
14.965 


727.616 
11.634 

1.927 


7.7264 

7.383 
8.1971 


2190.6 
287<'.312 


.3755 

188^.608 
67<'.004 
7,7264 

8.932 
494.086 

9.6264 
1.4458 
6.6830 


nrattrks. 


The  unbonit  eotl  at  the  seoMid  trial  ii  49.26,  aai 
the  mean  of  the  other  tfaiee  trials  it  3 1. 75  iba. 


With  the  air  plate  open,  in  the  lecond  trial,  8.9  cutaia 
feet  of  water  per  hour  only  were  eraporatedt  with 
the  fame  plate  doted,  in  the  first  trial,  10.9  coUa 
feet  were  evaporated. 


No  obserrations  en  the  fi>urth 


On  the  fourth  trial  the  derangement  of  thermomeMr 
pceveoted  obtenrationt. 


The  evaporative  efiect  in  the  second  trial,  when  the 
air  plale  was  open,  wat  inferior  to  either  of  ^lote 
made  with  the  tame  plate  doted. 


C»»3  «>* 

Remarks  on  the  fwtgUttg  ialU  6/  diMtilioia. 

J4«Q7  circutP8tance»  appear  to  indicate  that  the  Lehigh  anthradle  huva^ 
"with  considerable  difiicnlty — owing,  perhaps^  in  party  to  (his  natni^tir  it» 
incombustible  constituents.    The  length  of  time  required  to  bring  the 
boiler  to  steady  action,  the  quantity  of  coal  left  unburnt  aHer  the  fire  had 
become  extinct,  and  the  moderate  rate  of  evaporation,  together  with  the 
low  evaporative  efficiency  of  the  coai,  and  especially  with  the  large  quan- 
tity of  oxygen  found  on  the  fourth  trial  in  the  gases  escapiog  to  the  oMm- 
Bey,  all  tend  to  demonstrate  the  want  of  a  vigorous  and  easy  combuslton. 
To  these  circumstances  may  be  added  the  fact,  that,  When  in  the  second 
trial  the  air  plate  at  the  furnace  bridge  was  open,  in  order  to  give  an  in- 
creased  supply  of  air  to  the  products  of  combustion,  the  effect  was  todi- 
nlniisb)  ihstead  of  increasing,  the  evaporative  efficienc]^  df  the  pound  of 
coal.    In  the  4 1st  line,  it  appears  that  with  the  air  plilte  doaed,  as  in  the 
first,  third,  and  fourth  trials,  the  steam  from  water  at  212^  produced  by  1 
of  coal,  was,  on  an  average,  9.073 ;  while  in  the  second,  it  was  but  8.509 ;. 
indicating  a  loss  of  more  than  6.2  per  cent.    Nor  is  this  differenice  attrib- 
utable  solely  to  the  difference  in  amount  of  wadte  matter  found  after  the 
several  trials ;  for  it  will  be  observed  in  the  4dd  line,  that  when  allowance 
was  made  for  this  circumstance,  the  water  from  212^  to  1  of  combtufiile 
mattery  was  on  the 

First  trial       .......    9.6476 

Third  trial     .-...--     9.9207 
Fourth  triil   .......    9.7W6 


Add  the  mean  -  -  -  -  •  -    9.7589 

While  for  the  second  it  was  9.228S — the  difference  being  still  5.4  per  cent.- 
of  the  larger  number. 

The  very  close  approximation  in  the  above  numbers  for  the  first  and' 
fourth  trials  was  given  notwithstanding  the  difference  in  the  size  of  the 
grate  in  the  t\vo  cases,  its  area  having  been  14.07  on  tiie  former,  and  16.25 
on  the  latter  day  of  trial.  The  accordance  was  given  also  even  with  the 
wide  disparity  of  draught  in  the  chimney  on  the  two' days — ^the  syphon 
having  stood  on  the  first  at  0.3714,  and  on  the  fourth  day's  trial  at  0.4455 
inch.  The  superior  force  of  draught  is  explained  in  the  way  already  ia- 
dicated,  by  a  remark  at  the  commencement  of  experiments  in  table  XXVI, 
where  it  is  stated  that  the  weather  was  clear,  and  the  wind  brisk  from  tiie 
northwest.  The  two  circumstances  of  a  stronger  draught  and  a  larger 
grate  surface  occasioned  the  evaporation  of  15.33  cubic  feet  of  water  per 
hour  during  the  fourth  trial ;  while  only  10.93  cubic  feet  were  expelled  in 
the  same  time  during  the  first  experiment.  By  a  reference  to  table  CXCIV, 
it.  will  be  seen  how  large  a  portion  of  all  the  he^  developed  by  this  coal 
was  expended  on  the  gaseous  products  of  combustion*  That  table  will 
also  afford  the  means  of  determining  how  nearly  the  total  evaporative 
power  of  the  Lehigh  anthracite  approaches  to  that  of  other  coalr  of  the 
same  class,  when  all  the  absorbents  of  heat  are  brought  into  the  cdmpu- 
tation. 


No,  6. 

JSnihracUe  from  the  Lackawanna  coal  region^  LuisernecdilTtti/i  Pennsj/U 
panit$f/ortvardetibt/tfte  Dildtoare  and  Hudson  Canal' Coiripaiiy. 

.  Na  oiitifieate  of  origin  aecompainied  thh  wimple  of  coial,  btit  dniy  a  bill 
of  lidiag!,  indl(^tSng  by  #bo¥n  it  had  been  SM^t.  Tlie  (Jtlahtity  was  ex- 
actly 4/180  lbs.,  or  two  %\o^  tons,  as  certified  in  the  bill  of  lading. 

The  characters  of  the  coal  are,  in  general,  a  deep  jet-black  color,  except 
on  the  surfaces  Of  snperposidon,  qw  which  the  usual  depbsit^s  of  minef- 
alntfd  obavcoal  are  see^,  and  occasionally  in  the  natural  pattin^s,  techni- 
cally called  <<  cleats,"  which  ap|kar  to  be  formed  by  thin  laminas  of  the 
eatthy  ingredients  of  the  coal :  these  appear  to  be,  getierally,  sulphate  of 
lime*,  tolphuret  of  iron  is  scarcely  discernible  on  the  stnfice.  Tho  frac- 
ture is  oneveu,  and  setni-concholdal,  except  in  the  direction  of  the  main 
daat. 

This  coal  undergoes  no  change  by  an  exposure  of  twenty  months  to 
▼aryhif  states  of  atmosphere.  lis  specific  gravity,  as  determined  by  the 
mean  of  two  separate  trials,  was  found  to  be  1.4213;  which  would  indi- 
cate that,  in  the  solid  state,  as  it  exists  in  the  mine:  the  Weight  of  a  cubic 
ibei  18.88^3  lbs.  avoiidapois. 

In  the  stsue  of  niiarkeftable  Inttip  coal,  in  which  ft  came  to  hand,  the 
weight,  as  determinM  by  forty- four  trials. in  the  charge  box,  was  48.886 
lbs*  per  cubic  foot,  or  .^W^  of  the  above  calculated  Weight.  This,  to- 
gether with  the  variabTenete  of  the  charges,  in  regard  to  weight,  will  be 
understood  by  reference  to  thecoliimn'  headed  "  loeighf  of  charges  of  coaf.^'* 
Fr<HD  the  numbers  there  given,  vt  will  be  seen  that  the  highest  weight  of 
atiy  one  charge  was  108  lbs.,  or  54  lbs.  per  cubic  foot ;  and  the  lowest  90.5 
lbs.  per  charge,  or  45.25  lbs.  per  cubic  (hot;  and  that  the  hieafn  of  these 
two  extremes  differs  in  excess  from  the  above  general  mean,  only  about 
three-quarters  of  a  poimd.  From  these  facts,  it  appears  ttint  the  space  re- 
quifed  in  tho  bunkers  of  a  steam  ship  for  the  stowage  of  one  ton  of  iS,'2no 
Ibf.'  of  tbis  anthracite,  is  45.82'  cubic  feet. 

In.analywng  this  coal,*  the  moisture  expelled  by  a  temperature  of  21^ 
^in  one  case,  1.382,  and  in  another  1.174  per  cent. ;  orthe  mean  was 

1.1179  per  cent.    A  heat  of  full  fgfnition  expelled  in  addition,  from  the 
spedmens,  a  mean  of  5.087 ;  showing  the  total  volatile  matter  to  be 
3«B  ^SB6  per  cent 

Four  trials  on  each  specitnen,  by  incinerating  them  in  platinum  capsules 
placed  for  some  hours  in  ttie  opet)  muffle  of  an  assay  furnace,  left  of  earthy 
natter  for  one  specimen  4.84,  and  for  the  otiier  4.47  per  cent. — mean,  4.655. 
The  sum  of  the  volatile  and  earthy  inaredients  dedi)cted  flrotn  the  total 
weigbt^for  ascertaining  the  combustible  fixed  carbon,  gives  88.98.  On 
one  of  the  specimens  above  referred  to,  was  made  a  trial  to  ascertain  the 
proportion  of  sulphur;  which  resulted  in  giving  0.1226  of  one  per  cent. 
On  two  •ether  specimens  of  this  coal,  Dr.  King  made  trials  to  determine 
the  qiiaantity  of  matter  volatile  al  redness,  which  resulted  in  giving  for  one 
6.85, and  for  the  other  4.975  percent.,  or  a  mean  of  5.4(T2. 

While  prosecuting  the  experiments  on  evaporation,  45.58  lbs.  were 
placetl  in  the  steam  drying  apparatus^  where  it  remained  for  about  48  horn's, 
most  of  the  xinie  surrounded  by  steam  a  little  above  the  temperature  of 
Z12^:  during  that  time  it  lost  15.5  ounces^  or  2J2  per  cent.    The  coal 
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used  in  this  trial  bad  for  some  time  prerioos  been  exposed  to  a  tempera- 
ture not  exceeding  50°  Fahrenheit,  and  the  size  of  lumps  was  from  three 
to  four  inches  in  diameter. 

A  trial  of  IS  grains  of  this  coal  intimately  mixed  with  800  grains  of 
litharge,  and  covered  with  a  portion  of  pure  litharge,  effected  the  reduc- 
tion of  5S8.86  grains  of  lead,  or  31.603  times  the  weight  of  coal  used. 
This  trial  was  made  on  a  specimen  of  which  the  moisture  and  earthy 
matter  bad  been  found  to  be  5.656  per  cent ;  and  consequently  the  quan- 
tity of  matter  truly  combustible y  by  which  the  reduction  was  efiected,  was 
16.982  grains:  from  which  it  appears  that  one  part  of  the  combottibb 
matter  of  this  coal  reduced  33.49  parts  of  lead.  And  as  it  is  known.  Chat 
one  part  of  pure  carbon  is  capable  of  redu^iing  thirty-four  parte  of  lead,  it 
seems  that  the  reduciive  or  <<  heating  power^'  of  this  combustible,  as  de- 
duced from  this  test,  differed  from  that  of  pure  carbon  by  only  l*68th  part. 

The  character  of  the  residua  of  this  coal,  procured  by  analyns,  ia  tkat 
of  a  dense  white  or  slightly  grayish  ash,  of  xbhich  the  per  centage  is  given 
above. 

From  the  column  of  ^<  remarks"  in  the  accompanying  tables,  the  propor* 
tion  of  waste  derived  from  actual  combustion  will  be  seen  to  vary  in  the 
diflbrent  trials,  from  7.276  to  10.694  per  cent.  "Aie  total  amount  ofaskesj 
mixed  of  course  with  a  certain  proportion  of  fine  particles  of  unbiimt  an* 
thracite,  such  as  passed  the  meshes  of  a  sieve  three-tenths  of  an  inch  in 
diameter,  was  318.35  pounds ;  and  that  of  the  vitrified  portion,  or  clinker, 
was  52.07  pounds^  beth  derived  from  the  combustion  of  4112.51  pounds 
of  anthracite.  Hence  it  appears  that  the  ashes  are  7.741  per  cent,  and  the 
diinker  1.266  per  cent,  of  the  coal  actually  burned  in  the  manner  deeeribed 
in  the  tables.  The  ashes  weighed  50.95  poundaper  cubic  foot,  the  cliaker 
36.88  pounds.  Five  pounds  of  soot  ana  dust  from  the  flues,  left  3.M4 
pounds  after  complete  incineration. 

The  clinker  is  very  imperfectly  vitrified,  agglntinating,  and  often  cover- 
ing portions  of  nearly  pure  white  argillaceous  matter* 

In  order  to  ascertain  what  proportion  of  the  ashes  was  really  combus- 
tible, a  quantity  was  reduced  to  fine  powder,  and  a  weighed  portion  ex- 
posed on  a  platinum  capsule,  in  an  open  muffle,  to  a  bright  red  heat  for 
several  hours,  occasionally  agitating  it  to  expose  every  part  to  the  accev 
of  air:  the  result  was,  that  34.555  per  cent,  of  the  whole  was  oombus^ 
tible ;  or  of  the  7.741  per  cent,  of  ashes,  5.066  only  were  actually  inoem- 
bustible.  The  ashes  thus  finally  obtained  were  of  a  nearly  chocolate 
brown,  showing  that  the  specimens  above  analyzed  did  not  properly 
represent  the  general  mass  of  this  anthracite,  in  regard  to  the  color  of  its 
ashes. 

Having  reduced  a  portion  of  the  clinker  also  to  very  fine  powder,  it  was 
in  like  manner  exposed  for  some  hours  to  bright  ignition,  to  ascertain 
whether  any  portions  of  anthracite  bad  been  retained  in  the  interior  of  its 
mass,  and  bad  thus  escaped  coipbustion.  The  result  was  an  actual  gain, 
instead  of  a  loss  of  weight.  This  gain,  amounting  to  0.55  of  one  per  cent, 
of  the  substance  tried,  was  doubtless  due  to  a  conversion  of  some  ponien 
of  protoxide  into  peroxide  of  iron,  the  powder  having  been  observed  to  kt 
partially  magnetic  before  calcination,  but  not  so  afterwards. 

In  the  ashes  and  clinker  above  reduced,  there  were  contained  for  the 
four  trials  of  this  coal,  2.647  pounds  of  wood  ashes,  derived  from  the  wood 
employed  in  raising  tempers^ture.    This  amounts  to  ahnost  exactly  one  per 
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cent,  of  the  total  vaste>  after  deducting  the  unbarat  anthracite  of  the 
ashes,  as  above  stated.  Hence  the  analysis  of  about  4,100  pounds  of 
Lackawanna  anthracite  yielded  6.346  per  cent,  of  incombustible  matter, 
of  a  reddish-brown  color,  instead  of  4.655  per  cent,  of  a  white  or  grayish- 
white  ash,  as  afforded  by  the  ilnalysis  above  presented.  The  d^erence 
in  color  is  accounted  for  by  the  known  fact  that  the  sulphnret  of  iron, 
which  is  the  cause  of  redness,  is  often  very  irregularly  distributed  through 
the  mass  of  a  coal  bed,  and  its  accompanying  slates.  Specimens  may 
chance  to  be  selected  for  analysis  which  are  almost  wholly  free  from  that 
ingredient.  , 

The  time  required  for  bringitig  the  boiler  to  steady  action  by  this  coal 
was,  in  the  several  trials,  0.75,  ^^  2.5,  and  S.91  hours ;  or, on  an  average, 
2.666  hours.  The  quantity  of  anthracite  left  upon  the  grate  was,  by  a 
mean  of  the  four  trials,  57.19  pounds.  The  use  of  this  coal  in  a  grate  for 
domestic  purposes,  will  be  but  little  different  from  the  mean  action  of  red 
«iA  coals  in  general  The  considerable  quantity  of  water  it  contains  causes 
it,  when  suddenly  thrown  on  a  mass  of  highly  ignited  coal,  to  decrepitate 
with  considerable  force ;  but  in  this  it  was  not  ob^rved  to  surpass  several 
other  samples  of  the  same  class.  It  corresponds  well  in  this  particular 
vith  the  Lackawanna  allhracite  used  by  many  of  the  steamers  on  the 
New  York  waters,  which  I  have  observed,  while  driven  with  a  strong  ar* 
tificial  Mast,  to  emit  copious  showers  of  fine  particles  from  the  chimney 
lops^  speedily  covering  the  deck  and  all  other  objects  on  which  they  could 
rest.  A  more  moderate  draught  would  avoid  this  inconvenience  and  loss, 
but  would  demand  a  considerable  increase  of  furnace  room  to  effect  the  re- 
quisite amount  of  combustion,  and  supply  the  necessary  quantity  of  steam. 

Being  among  tlie  earliest  in  tlfe  series  of  experiments,  the  first  and 
oeeond  trials  will  be  found  to  lack  the  observations  on  the  wet  bulb  ther< 
jnometer,  and  those  of  the  attached  thermometer. 
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Table  xxi'iii.— LAdfc 

Firsl  trial — upper  damptr  18 


Period  of  Mcaily  action  Irom  llA.  a.  m.  to3A.  iSm.  p.  m.—ih.  45in.;  coil  supplied,  481.TS11k-j 
water,  S,6S7  Iba.;  10  wta  of  obrcrvatians. 

Prriod  of  nearly  Oeaiy  pramre,  u  indicated  by  the  dotted  linci,  lioni  lOh.  Ibm.  a.  TD-  to  ^' 
SOoi-  p-  m. 
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imi 


inches  open;,  air  plates  removed. 


a 


s 

o 


J 

i 
■I 


A.  m* 


10.15 


lO.M 

n.oei 


11.40 

0.15 
1.!I5 
3.00 
3.45 


5 


111 

93.5 


100.5 
106 

121 
137.5 

15fi.5 

174 

201.8 

213 

222 

235 

241 

216 

239 


i 


'si 

sf 
H 


br 


J 

5  * 


g 


—28 

4-48 

35 

70 

64 


ll 


REMAHKS.— Grate  surface  16.25  sqtrare  feet;  len^h  of 
drcuit  of  heated  gases  121  ^t;  height  of  chimnfey  40.94 
feet.  .         -     ^  .         • 


9 
O 


54 
67 

56 

51.5 

58 

32 

36 

32 

26 

36 

87 

239  91 

244     '     88 


100 


1 


29 


Commenced  firing  at  Sk.  50m.  a  m. 

Wood  consumed,  203  J  lbs. 

First  charge  of  coal  in;  stedm  begins  to  blow  off. 


IJffS 


1.287 
1.350| 

1.374- 

2.110} 

0.8731 

i:80l1 

1.5451 

1.576 

1.3501 

1.112 

1.925 

2.649 
1.751 


Filled  tank. 

At  7A.  30m.  p.  m.  supplied  555  lbs.  more  (making  to  that 

time  5,806  lbs.)  of  water  to  boiler. 
Water  adjusted.  ^ 


RESIDUA. 


Clinker 
Ashes  - 


IMoct  wood  ashes 
Total  waste  from  coal 


*    ^ 


-  8.376 

-  5C00 

66.375 

-  0.625 

-  66.750 


C«ke 


38.25 
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tABLE  XXIX.— LACK 


Second  trial — t^^ijper  damper  12  inches  open  ;  air  plates  removed; 


Diite. 


TBMPimATVKlt  Ot  THK 


Aprilll 


A.  V. 

6.50 
8.00 

9.10 


9.80 
10.20 


ApnllS 


10.56 

11.85 

p.  X. 

0.00 

1.15 

2.00 

2.40 
8.20 
4.00 
4.80 
5.15 
5.45 
6.00 


40 
44.5 

47.5 

48 
50 


6.80 

A.  X. 

7.20 


50.5 
51 

51.5 
52.5 
54 

54.5 

57 

57 

58 

58 

58 

57.5 


80 
117 

148 


148 
170 


57 
48 


206 
284 

260 
260 


I 


8 


r 


100 
158 

238 


242 
244 


I 


I 

.s 


282 
294 
300 
820 
810 
830 


380 


174 


254  46.5 


234 


46 


250  46 
242  46 


246 


244  52 
278  53 


274 


284  54 


284 
290 


i96  50 


286 


160  52 


47.5 
47.5 

47.5 


48 
47 


i 


ti 


125 
128 

225 


222 
225 


52.5 


53 


52 
51 


51 


228 

228 

229 
230 
229 

230 
280 

230 
231' 
229 
228 
230 


'S 


30.05 
30.10 

30.11 


30.12 
80.12 


.S 


•3 

> 


0.185  8.74 


0.189 
0.190 


224 
199 


80.11 
30.10 

30.10 
80.07 
80.07 

30.06 
30.04 
30.04 
80.04 
30.03 
30.02 
30.02 


0.186 
0.183 

0.196 
0.193 
0.190 

0.186 
0.196 
0.193 
'0.197 
0.193 
0.197 
0.199 


8*70 
8.69 


30.02    0.166 


30.04 


8.721 
8.76 

8.62 
8.66 
8.69 


8.72 
8.62 
8.66 
8.61 
8.66 
8.61 
8.60 


8.94 


O.lOl 
0.17 

0.17 


0.20 
0.20 

0.2a 
0.18 

0.20 
0.20 
0«23 


0.25 
0.28 
0.27 
0.27 
a28 
0.27 
0.28 


■\ 

178 
348 

528 
956 

1363 
1943 
2350 


0.25 


0.12 


2768 
3108 
3698 
4218 
4898 
53.53 
5473 


6423 
8633 


99.12 
88.25 

93.00 
93.50 


97.75 


97.00 


95.00 

90.50 
95.00 

97.00 


Period  of  steady  action  from  2^  p.  m.  to  6A.  p.  m.>*4A. ;  CftX  supplied  in  that  time,  386.5  Ibt.f. 
^Qiter«  8«120  Ibai;  7  aeti  of  obaervations  taken. 
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AWANNA  AKTHSACITG. 
gratt  raittd  to  within  atven  iiwha  of  the  bottom  qfthe  boitef. 
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REMARK8.-OnUi  ■ui&ce  IS.tfi  Kjoara  feeti  Imgth  of 

drcuil  ofhMtod  gun  111  bali  bel^  cfdumiMjr  40.77 

1 

11 

1 

— S6 

- 

- 

78.8 

—84 

firing  at  6A.  lOm.  a.  m. 

^».10 

_ 

100.  B 

+ia 

_ 

Wood  ooMoned,  4«»p(>iuidi,  tftsr  fint  ehuge,  dirow  ia 

coke  nnuiaiag  &om  fint  bul. 

9.3C 

_ 

100 

80 

I.41fi 

PUcod  46  lb>.  8i  <M.  <tf  dw  ood  in  drying  ipptntnr.     It 
irai^ied,  (Apnl  13,)  ■An  34  boon  drjug,  4tlba. 

10  20 

- 

IM 
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SS 

0.040 
1.371 

_ 

_ 

ISSfi 

ii.se 

- 

183 

0 

1.811 

_ 

_ 

SOH.S 

SI 

1.170 

i.ii 

107.9 

11 

1.04i 

" 

" 

17 

1.446 

teokea,  and  a  new  one  ■ubKitutod. 

■    . ,. 

It 

1.B47 

ttS 

46 

1.351 

M7 

44 

S.S4' 

4.x 

343 

M 

1.781 

Ml 

ass 

fiS 

3.411 

S93 

6* 

3.41 : 

Filled  Unkm  5A.  bbm.  p.  m. 

6.00 

- 

ai8.s 

«« 

1.171 

- 

.     - 

313. 

13 

- 

- 

lis 

-80 

- 

Wahnr  in  boiler  adjoMed. 

TVrrf  'Wt'' — vfini^rdawp^r  lO  incjit*  open;  air plalftchtteJ i 


The  perioil  of  «te>dy  actitm  thi*  3aj  extends  from  9A.  Sm.  ■.  m.,  nhen  the  fifth  chirge  nu  all 
on  fbe'  pile,  to  4A.  46m.  pi.  m.,  when  the  lhirl<«ntti  and  l»at  chargic  wax  en,  —  7k,  ^hisi  C<>*I 
■UppUe^  XS0.6  lb*?;  water,'  7,136  1b>.<  «el'i  of  obMrraliDn*  taken,  IB.  By  tbew  data,  the  water 
tol  ofcodiafl.OB^  whilst  the  final  remit  (ai  aocn  iji  the  t^)le  of  deduetioni)  ia  S.M7.  The  q- 
iCQU.of' the. fanner  ovei  the  latter  numbei,  ii  probably  attributable  to  the  lai^  amount  of  coal  put 
oa  Oie  ^te  in  dw  early  part  of  the  eipcrimenl,  before  the  period  of  ateady  action  cammenced,  and 
which  donbtleas  exceeded  the  quanti^  on  the  grate  at  the  lime  the  period  of  iteadj  actios  tmrni- 
naled.  Sneh  diSerencea  mmt  inrritably  occur,  ainoe  the  eye  only  can  be  leL'ed  on  to  jud^  of  the 
luantilj  Knuining  unbumt  at  any  given  momeat 


118 

iJdWANlf  A  ^NTBHACITE.  . 

^s4eam  thrown  into  e/Umf^y^  and  ^mall/urnoce  in  action. 


1»3 


a 


f 


t 


ff.S6 

6.35 

7.00 
7.46 


9.06 


10.00 

10.46 
11.30 


0.40 
).30 
9.  SO 


4.00 
4.46 


64.9 

66.4 

•••«•. ..I 

66.3 

66.0 

6f.0 

68.0 

70.0 
69.7 
69.3 
69.3 

69.3 
69.3 
69.3 
70.1 
69.7 
70.3 
69.3 
69.3 
68.9 
68.9 


70.3 

69.9 
67.1 


67.7 
65.4 


68 

64 

73.6 
101 
130 

143 

168 
186 
199 
213 

221 
223 
235 
283 
266 
270 
271 
281 
284 
296 


294 

298 
211 


146.6 
144 


18 
40 
34 


30 

29 
25 
24 
26 

46 
54 
40 
40 
35 
40 

31 
26 
14 


Is. 


t 


1.215 
1.979 
1.667 


16 

—  3 
—17 


2.669 

2.226 
1.812 
2.638 
2.146 

2.728 
2.728 
3.019 
2.702 
2.728 
3.179 
2.199 
2  649 
1.812 
1.877 


1.833 


REMARKS.— Grate  saihc^  14.07  square  feet;  lengA  of 
cireuH  of  heated  gases  |21  feet;  hdght  of  chimney  63  feoU 


First  charge  thrown  on  gprate  behind  wood. 

Water  at  normal  level)^  wind  NE.;  rainififf;  icommenoed 

diarging^ 
Consumed  137^6  lbs.  of  wood;  steam  blowing  off. 


Filled  tank  at  9^  10m.  a.  m. 


Filled  tank  at  2A.  40fif.  p.  m. 

Commenced  drawing  gases  at  3A.  3m.  p.  m.;  Axtm  in  25 

minutes  101  cubic  inches,  which  gave  0j02  frain  watw, 

and  4.03  grains  carbonic  acid. 


Yalves  double  weighted;  contents  of  ash  pit  thrown  on 
grate. 

Water  brought  to  2.1  indies  above  normal  level;  valves  un- 
loaded; fiUed  tank;  damper  reduced  to  6  inches;  water 
at  lOA.  p.  m.  brought  0.2  inch  above  normal  level;  damper 
set  at  3  inches. 

Water  in  boiler  0.05  inch  below  n<mnal  levoL 

Water  adjusted. 


RB8IDUA. 


Cmnksr 


Ashfls  from  behind  bridge 
Total  clinker  and  ashes 


'>a2;.7fl 

111.26 
0.411 


Told 
Coka 


from  coal 


110  839 


64. 


8 
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TABLE  XXXI.— LACK 
Fourth  triai — upper  damptr  S  inehtaoptn  ;  oirplatf  Ha^opan; 


Pnioi  of  rtcadj  Rctioa  from  SA.  ISm.  «.  m.  to  M.  lOm.  p.  m._&l.  Unt.j  coal  nippliad  during 
llMF«ricid,  7T8  1l>>.|  mln,  6,ST9J  lb«.|  18  tsta  (^obMrraanii  tdtnt;  mtar  to  1  of  cod,  KATl. 
The  flnal  THull  bciag  8^86,  skowi  Hut  thve  urai  mora  cod  on  tU  grate  at  the  end  tbu  at  ikt 
begbnin J  d  the  pvicd  »Mun>frf  u  llut  ofslialy  action. 
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steam  thrown  into  chimney^  and  small  fumaet  in  action. 


C  3fl>6  ] 


8 
I 

I 

1 
§ 


i 


A*  HI. 
5.50 


6.  SO 
6.45 


11.00 

0.00 

1.00 
8.25 
3.10 
4.15 
•.15 

» 

6.10 


65.4 


66.0 
65.5 
-  I  66.6 
7.50  I  66.0 


65.5 
-  I  65.5 
9.15   65.1 


64.8 
66.  S 
65.8 
65.3 

66.5 

66.9 

66.1 

67.6 

67.2 

66.5 

68.1 

69.3 

70.4 

70.0 

71.3 

70.9 

71.7 

74.1 


144 

133 
117 
113 
116 


73.8 

70.0 
71.3 


121 
131 
142 

153.5 
167 
178 
183 

190 

195 

195 

203 

200 

209 

214 

225 

241 

241 

2.34 

251 

265 

282 


—58 
—54 

4-18 
23 

22 
32 
32 


203 

155 
142 


29 
31 
28 
25 

26 
26 
21 
38 
48 
39 
43 
27 
30 
33 
30 
42 
29 
22 


6.751 
0.937 

0.901 
1.351 
1.836 


2.177 
1.335 
2.511 
2.278 

1.807 
1.398 
0.636 
2.681 
1.701 
1.271 
2.252 
2.172 
,  1.351 
i  2.225 
2.252 
1.669 
1.859 
1.256 


8 
10 


REMARKS.— Grate  «ir&£e  14.07  square  feet;  leii|&  oC 
circuit  of  heated  gasee  121  feet;  height  of  chimnej  63  feet* 


Commenced  firings  water  in  boiler  0.2  inch  above  normal 
level. 

Wood  consumed,  63  Ibe;  commenced  charging  with  cotli 
placed  double  weights  on  safety  valves;  leaaioTsd  seoQad 
weight  from  safety  valve  at  6A.  46m.,  which  allowadi 
the  steam  to  blow  ofi^  none  having  previously  escaped. 

Steady  prenpure  from  8A.  Om.  a.  m.  to  6A.  30m.  p.  m. 


A  charge  of  this  coal,  egg  size,  weighed  102.25  lbs. 


Partly  filled  tank;  wind  W. ;  morning  has  been  doa^, 
now  sun  shining  occasionally. 


^. 


A  charge  of  this  coal,  egg  size,  weighed  102.75  Ibe. 


Commenced  drawing  gases  at  4A.  35m.  from  lower  ttm% 
drew  in  15  minutes  100  cubic  inches,  which  gave  wfllir 
0.69  grain,  carbonic  acid  5.36  grains,  and  oxygen  12.  IS 
cubic  inches. 

Air  plates  cloeed;  contents  of  adi  pit  thrown  on  graft  tt 
6il.  30m. ;  valves  double  weighted. 

Water  brought  to  1.9  inch  above  nonnal  level;  windjSBt, 
clear;  velvet  unloaded  at  7A.  30m.  p.  m. 

Water  not  visible  in  gauge. 

Water  in  boiler  aiQu^ed. 


RESIDUA. 

FotfffNJa» 

Cfiaker         - 11.25 

Athtt 111.50 

AdMt  btUad  bridge 2.75 

125.50 

Btdnct  wood  asbtt -  Ol— 

Tttal  watit  froB  coal -  125.367 

85.26 

%M 


!£  586  ] 
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TABLE  XXXIL—DEDOCTIONS  FftOlf 

Experiments  on  Ladta 


1 

% 

8 

4 
6 
6 
7 


9 
iO 
11 
12 
18 
U 
15 
16 
17 
18 
19 

90 
21 

.«ai 

28 
24 
25 

26 
27 


729 
80 

;8i 

82 

<» 
84 

35 

86 

87 

39 
*40 
41 

42 
"48 
£44 

45 
•46 
*47 


Nature  of  the  daU  fiiu'nished  by  the  respectiTe  tabiw. 


Total  duration  of  the  experiment,  in  hours 

Duration  of  iteady  action,  in  hours         .  .  • 

Area  of  grate,  in  square  feet        .  .  -  • 

Area  (Cheated  sur&ce  of  boiler,  in  square  feet 

Area  of  boiler  exposed  to  diroct  radiation,  in  square  feet    - 

Number  of  charges  of  coal  supplied  to  grate 

Total  weight  of  coal  supplied  to  grate,  in  pounds 


Pounds  of  coal  actually  consumed  .  •  .  . 

Pounds  of  ceal  withdrawn  and  sqiarated  after  trial 
Mean  weight,  in  pounds,  of  one  cubic  ibot  of  coal 
PMmds  of  coal  supplied  per  hour,  during  steady  action     - 
Pounds  of  coal  per  square  foot  of  grate  surfiu^  per  hour  - 
Total  waste,  ashes  and  clinker,  from  100  pounds  of  coal  - 
Pounds  of  clinker  alone,  from  100  pounds  of  coal 
Ratio  of  clinker  to  the  total  waste,  per  cent.  ... 

Total  pounds  of  water  supplied  to  ibB  boiler         .  .  . 

Mean  temperature  of  water,  in  degrees  Fahrenheit 
Pounds  of  water  supplied  at  the  end  of  experiment,  to  restore  level 
Deduction  for  temperature  of  water  supplied  at  the  end  of  experi- 
ment, in  pounds  .-.-.- 
Pounds  of  water  evaporated  per  hour,  during  steady  action 
Cubic  feet  of  water  per  hour,  during  steady  action 
Pounds  of  water  per  square  ibot  of  heated  surface  per  hour,  by  one 
calculation      .------ 

Pounds  of  water  per  square  foot,  by  a  mean  of  several  observations 
Water  evaporated  by  1  of  coal,  firom  initial  temp,  (a)  final  result  - 
Water  evaporated  by  1  of  coal,  from  initial  temp,  (b)  during  steady 
.  action  ---.--. 

Pounds  of  fuel  eviq>orating  one  cubic  foot  of  water 
Mean  temperature  of  air  entering  below  ash  pit,  during  steady  pres- 

MtO     -  -  .  . 


Mean  temp,  of  wet  bulb  thennometer,  during  steady  pressure 

Mean  temperature  of  air,  on  arriving  at  the  grato 

Mean  temperature  of  gases,  when  arriving  at  the  chimney 

Mean  teaiperatsre  of  steam  in  the  bailer  -  .  .  . 

Mean  temperature  of  attaehed  thermometer  .  .  . 

Mean  hei^t  of  baroiceter,  in  inches       .  .  .  . 

Mean  number  of  volumes  of  air  in  manometer     .  .  . 

Mean  height  of  mercuiy  in  manometer   .  .  .  . 

Mean  height  of  water  in  syphon  draught  gauge,  in  inches 

Mean  temperature  of  dew  point,  by  calculation    ... 

Mean  gain  of  temperature  by  the  air,  before  reaching  grate 

Mean  difference  between  steam  and  esoapiug  gases 

Water  to  1  of  coal,  collected  for  temperature  of  water  in  cistem    - 

Water  to  1  of  coal,  from  212^,  corrected  for  temperature  of  water 

in  cistem  -     -  •  •  ... 

Pounds  of  water,  from  212^,  to  1  cubic  foot  of  coal 
Water,  from  212*',  to  1  pound  of  combustible  matter  of  the  fuel    - 
Mean  pressure,  in  atmospheres,  above  a  vacuum  ... 
Mean  pressure^  in  pounds  per  square  inch,  above  atmosphere 
Condition  of  the  air  plates  at  the  fiunace  bridge  ... 
Inches  opening  of  damper,  (U.  upper,  L.  lower)  - 


let  Trial. 
Table  XXTin 


Aprils. 

21.016 
4.75 
16.25 
377.5 
21.65 
8.0 
768.25 


780.0 
38.25 
48.015 
101.401 
6.24 
9.007 
1.136 
12.617 
6220.0 
48^.07 
914.0 

136.0 
553.05 
&848 

1.491 
1.437 
8.3342 

5.453 
7.335 

560,09 


24IO.0 

2790.08 

2280.35 

29.573 
8.819 
.1777 
.238 

1840.1 
430.86 
8.8342 

9.6581 

468.49 

10.6086 

1.8986 

5.8124 

jKenKnrea. 

U.     12 


i 


2dTri^ 
TaWeXfiL 


Apran. 

25.5 
4.0 

16.25 
377.5 

21.65 

10.0 
992.25 


941.74 
50.5 
47.7 
96.625 
5.946 
7.276 
1.028 
18.85 
8633.0 
50O.7 
2210.0 

330.0 
78O.0 
12.48 

2.629 
2.024 

8.8166 

8.125 
7.089 

04  .80 

2780.6 

2640.67 

2290.25 

30.058 
8.661 
.1924 
.2714 

2180.64 
490.0 
8.8166 

10.1945 

466.29 

10.9948 

1.426 

6.2918 

U.    08 


UK 

TABLES  XXVIII,  XXIX,  XXX,  XXXI. 
wanna  anthracite  coal. 


IZ96J 


8d  Trial. 
Table  JCtX. 


July  13. 

24.33 
7.66 
14.0T 
37T.6 
18.75 
13.0 
1323.0 


18M.0 
64.0 
50.884 
104.3« 
7.413 

8.734 

1.842 

81.016 

lowr.o 

780.7 
110.0 

14.0 
•43. 6 
15.08 

8.497 
8.434 
8.576 

6.038 
7.368 

73^.58 
70*.  88 
2840.67 
803^.88 
»U».4« 
78^.66 
dO.89 
5.048 
•5535' 
.3853 
68^.88 
811^09 
38*.  86 
8.551 

9.6976 
493  41 

10.6846 
1.4518 
6.6719 

Cloeed. 

U.  10 


4tfa  Trial. 
Table  XXXI. 


Ju/y  14. 

86.25 
8.916 
14.07 
377.5 
18.75 
13.0 
1257.0 


1171.95 
85.75 
48.346 
87.269 
6.208 
ia694 
0.9586 
8.964 
10348.0 
77®.7 
8172.0 

882.0 
704.297 
11.268 

1.867 
1.857 
8.5863 

8.071 
7.88 

7»*».83 
7l°.33 
880^81 
866<>.86 
881O.0 
76<>.85 
30.263 
5.145 
.5427 
.8955 
6r'.84 
20b<'.98 
310.6 
8.5567 

9.6099 

467.5 
10.8878 
1.4896 
6.3447 

Half  open. 

U.     5 


Averages. 


Remarks. 


59  62 
48.736 
97.394 
6.45 
8.9277 
1.2411 
14.1117 


744.987 
11.919 

1.971 

8.5783 

7.6717 
7.264 


271^27 
868**.68 


In  the  second  trial,  38.25  lbs.  of  anthracite,  left  fronr 
the  preceding  day's  work,  were  added  to  the  ten- 
ehaxge%  to  make  up  the  998.85  lbs.  topplied  to  th» 
gtate. 

The  upper  damper  drawn  but  five  inches,  and  the  air 
plates  half  open»  in  the  fourth  trial,  appear  to  have 
matenaHy  influenced  the  amount  of  eoal  left  unbumt 
on  the  gMte^  the  mean  of  three  trials^  nnder  oUmt 
circumstances,  having  given  but  47.68,  while  tha, 
fourth  trial  gave  85.75  lbs. 


The  numbers  in  this  line  are,  of  course,  as  in  all  other' 
cases,  but  approximations,  dependent  on  the  c^uan- 
ttty  of  eoal  actuaHy  on  the  grate  at  the  begiiinhig: 
and  end  of  the  asfumed  period  of  steady  actktt* 


.8888 

802^45 
39*.  80 
8.5646 

9.7888 

477.67 

10.7639 

1.4258 

6.8808 


The  obeervvtioBsof  te  attached -tfaeriDoaaater  were  net 
commenced  until  after  the  fiist  two  trials  of  this  - 
sample  had  been  completed. 

The  olmctvations  fior  dew  point  were  net  mude  dvriM 
the  first  two  trials.     The  gas-drawing  app«ratushs4  . 
not  then  been  completed,  widi  a  view  to  which  th6 
dewfoitii  was  more  particularly  desiraUe.  * 
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General  remarks  on  the  preceding  table  qf  dedttetions. 

It  appears  that  with  a  chimney  41  feet  iu  height,  as  in  the  first  and 
second  trials  of  Lackawanna  coal,  and  witli  the  damper  drawn  so  as  to 
give  free  exit  to  the  gases  as  rapidly  as  they  would  pass  the  two  interior 
10-inch  flues,  the  rate  of  evaporation  was  from  8.85  to  12.48  cubic  feet  of 
water  per  hour.  AQer  the  chimney  had  been  raised  to  63  feet  in  height, 
the  rate  of  evaporation  on  tlie  third  trial,  when  the  damper  was  drawn  10 
inches,  was  15.08  cubic  feet  per  hour;  and  on  the  fourth,  when  it  was 
opened  but  5  inches,  the  rate  was  11.27  cubic  feet.  T^otwithstandinff  these 
considerable  differences  in  the  rate  of  evaporation,  with  variations  iilso,  as 
seen  in  the  third  line  of  the  table,  in  the  area  of  the  grate,  and  in  the 
opening,  closing,  or  removal  of  the  air  plate  at  the  furnace  bridge,  as  given 
in  the  46tb  Ime,  the  accordance  in  the  results  of  the  four  trials  found  in 
the  40th,  41$t,  and  43d  lines,  is  as  near  as  could  reasonably  be  expected 
from  the  operations  of  combustion.  In  the  second  experiment  the  grate 
was  placcQ  within  7  inches  of  the  bottom  of  the  boiler,  and  the  result  of 
that  trial  is  about  two  per  cent,  higher  than  the  general  average,  as  shown 
in  the  43d  line.  That  was,  however,  found  too  near  for  convenient  man- 
agement, and  the  distance  of  9  inches  was  resumed  after  one  or  two  trials. 
It  is  important  that  the  fireman  should  be  able  to  observe,  especially  in 
burning  anthracite,  that  all  parts  of  his  grate  are  uniformly  well  covered 
with  fuel.  If  large  holes  are  allowed  to  exist  in  some  parts,  while  heavy 
accumulations  of  coal  remain  on  others,  both  may  become  sotnrces  of  loss  ; 
the  one  by  allowing  unburntair  to  pass,  and  the  other  by  forming  carbonic 
oxide,  which  may  in  part  escape  subsequent  combustion. 

In  the  table  (CXCIV)  of  experiments  on  the  composition  of  gases  from 
combustion  will  be  found  some  indications  of  the  differences  which  ex- 
ist in  the  action  of  a  furnace  while  using  the  same  kind  of  fuel.  It  will 
also  be  perceived  that  on  the  fourth  trial  of  Lackawanna  coal,  the  heat 
employed  on  the  air  required  for  the  combustion  of  a  pound  of  coal  was 
equal,  in  evaporative  power,  to  convert  about  nine-tenths  of  a  poimd  of 
water  at  212^  into  steam  of  the  same  temperature.  With  respect  to  the 
anthracites  generally,  it  may  be  said  that  their  combustion  is  effected 
solely  by  the  contact  of  air  with  the  surfaces  of  their  solid  masses.  In 
the  case  of  bituminous  coats,  on  the  contrary,  the  air  which  supplies  com- 
bustion is  hievitably  intermixed,  during  its  passage  through  the  fire, 
with  much  fuel  in  a  gaseous  state.  The  existence,  therefore,  in  an  an- 
tiiracite  fire,  of  passages  or  "  blow  holes,"  through  which  considerable 
currents  of  air  can  pass  without  bringing  every  atom  of  it  in  contact  with 
a  lump  of  fuel,  is  an  almost  sure  source  of  loss  of  useful  effect.  In  the 
bituminous  coal  fire,  the  want  of  such  openness,  to  allow  sufficient  air  to 
effect  the  complete  combustion  of  the  gaseous  products,  has  given  rise  to 
the  many  inventions  for  preventing  smoke,  and  burning  more  con^ptetely 
the  gaseous  products  of  the  fuel. 
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No.  ?• 

JSnihracitefrotn  Lykewi  valley^  Dauphin  comity^  Pennsylvania,  sent  by 

the  Lykens  Valley  Coal  Company, 

This  sample  of  coal  was  accompanied  by  the  following  letter  to  the 
President  of  the  late  B3ard  of  Navy  Commissioners  : 

"Baltimore,  July  23,  1842. 

^  Djbar  Sim  :  At  the  request  of  the  Lykens  Valley  Coal  Company,  we 
forward  to  you  for  trial  three  hogsheads  of  coal  from  their  mines.  It  is 
fron>  vein  No.  1,  seven  feet  thick,  and  has  been  mined  four  weeks;  can  be 
delivered  at  any  point  on  the^Atlantic  coast,  from  the  Chesapeake  bay^ 
vhich  it  reaches  through  the  Pennsylvania,  and  Tide-water  canals.  You 
wilt  please  communicate  the  result  of  your  trial  of  it  to  us. 

"  Your  obedient  servants, 

<*J.  WHITEFORD  &  CO. 
**  Commodore  Warrington.^* 

The  exterior  characters  of  this  anthracite  are  very  nearly  related  to 
ihose  of  many  bituminous  coals.  Its  fracture  is  uneven  and  splintery, 
-except  where  the  main  cleats  or  partings  are  exposed.  It  differs  from 
most  of  the  anthracites  already  described,  in  the  circumstance  of  having 
the  surfaces  of  deposition  often  exposed  in  the  fractures,  displaying  co- 
pious deposites  of  carbonaceous  "  clod,'*  or  mineralized  charcoal,  preserv- 
ing the  vegetable  forms  from  which  it  was  derived.  In  these  and  many 
other  characteristics,  it  strongly  resembles  many  samples  of  the  anthra- 
tjite  of  South  Wales,  which  have  fallen  under  my  notice.  ^ 

Two  specimens  were  tried  for  specific  gravity :  the  first  gave  1.3828^ 
and  the  second  1.3954.  The  mean  weight  per  cubic  foot  of  solid  coal  in 
the  mine  will  hence  be  86.82  pounds. 

Twenty-six  trials  in  the  charge  box  gave  the  mean  weight  per  cubic 
foot,  in  the  state  in  which  it  was  received,  48.558  pounds— showing  that 
the  actual  is  0.5591  of  the  calculated  weight.  This  proves  that  tbe  sfMio^ 
xequired  for  stowing  one  gross  ton  is  46.13  cubic  feet  The  greatest 
weight  in  any  charge  was  106,  and  the  least  91  pounds — ^the  mean  of 
whidh  gives  49  pounds  per  cubic  foot. 

Two  boxes  of  this  coal  were  reduced  to  egg  size  ;  in  which  state  one 
'weighed  93J,  and  the  other  96  pounds — ^showing  the  average  weight  p^r 
cubic  foot  to  be  47.375  pounds,  or  1|  pound  less  than  the  average  weigl)t 
above  stated. 

The  moisture  expelled  in  analyzing  the  two  specimens  above  men- 
tioned was  0.707  and  0.785,  respectively ;  and  the  portion  expelled  from 
JS8  pounds  placed  in  the  drying  appfiratus  of  the  boiler  was  only  half  ad 
ounce,  or  0.111  per  cent.  ,   . 

On  exposure  to  a  htighl  red  heat  in  a  closed  platinum  cfu<^ble,  the 
'first  specimen  lost,  in  addition  to  its  moisture,  G.263 ;  and  the  secbnd 
5.874  per  cent — snowing  that  the  mean  amount  of  volatUe  matter  i$ 
6-814.  Two  specimens  tried  by  Dr.  King  yielded  a  mean  of  exactly  7 
.per  cent  of  volatile  matter,  including  moisture. 
'    The  proportion  of  sulphur  found  in  the  first  of  the  above  specimens  is 


0.091  of  1  per  cent  — a  quantity  vhioU  can  certainly  be  of  littla  ooim0>- 
quence  to  the  characlet  of  the  coal. 

Analyses  of  the  two  specimens  ahove  menliooed  gare  of  earthy  matter 
5.4  and  5.66  per  cent,  of  the  weight  of  raw  coal. 

This  gives  the  composition  as  follows,  viz : 

Volatile  matter    -  -  -  -  -  -    6  814 

Earthy  matter      --.-..     5.530 
Fixed  carbon        ......  87.656 


The  ashes  obtained  from  these  analyses  are  of  a  Eawn  color,  slightly 
coherent,  bulky,  and  but  moderately  grilty,  resembling  fine  clay. 

From  the  accompanying  tables  of  experiments,  it  will  be  found  that 
there  vere  consumed  in  the  three  trials  of  this  anthracite  2,471  pouitds ; 
from  which  were  derived  of  ashes  169.798,  and  of  clinker  109.75;  or  the 
total  amount  was  299.546  pounds.  Hence  the  per  centage  of  uiasle  is 
12.123. 

lers  are  mostly  reddish  brown,  with  yellowish -white  portions, 
s,  even  in  the  parts  where  the  vitrification  is  most  perfecL 
e  slaty  fragments  have  undergone  no  fusion.  The  ashes  are 
.y,  and  weigh  52.06  pounds  per  cubic  foot ;  while  the  clinkei 
32.75  pound.1. 

.es  contained  36.8  per  cent,  of  unbnrni  anthracite,  aad  the 
9  per  cent.    Hence  the  true  amount  of  earthy  matter  in  the 
i9.79S — 69.845=  119.953  pounds  ;  and  that  in  the  clinkar  ii 
.745=:  106.005  pounds.       There    were  obtained   of  soot  and 
duatfrom  the  flues,  after  three  days'  burning  of  this  coal,  \i  pound  ;  of 
which,  the  density  was  such,  that  21.56  pounds  would  have  been  re- 
quired to  make  1  cubic  foot ;  and  of  this  mixture,  experiment  proved  that 
37.6  per  cent.,  or  0.657  of  a  pound,  was  earthy  matter,  almost  identical  in 
characters  with  that  of  the  ashes.    From  all  these  sources,  we  get  the 

^pottion  of  earthy  matter  from  this  coal  equal  to siTT"^ — 

:=  9.J52  per  cent.,  instead  of  5.53,  as  given  by  the  above  analyses.  It 
also  appears  that  12.123 — 9.252=:2.871  per  cent,  of  the  coal  escaped 
combustion  and  separation  by  the  sieve. 

In  no  instance  was  it  found  necessary  to  lay  a  charge  of  tkis  anthracite 
Upori  the  grate,  in  order  to  secure  a  speedy  ignition  afier  the  wood  was 
withdrawn.  The  mean  time  required  to  bring  the  furnace  to  steady  action 
was  2.127  hours ;  only  three-fifths  as  long  as  the  average  time  required  by 
the  Lehigh,  Beaver  Meadow  No.  3,  Forest  Lnprovemeut,  and  Peach 
Moiihtain  anthracite! 

The  average  amount  of  unburnt  anthracite  withdrawn  after  each  trial 
was  but  IS  pounds  \  while  the  mean  amount  for  the  four  samples  just 
lltii&eci  Wi^  53.83  pounds,  or  almost  exactly  diree  times  as  ranch.  Both- 
these  cifctlmsTaiKies  indicate  th^  approximation  of  the  Lykens  vallej  aa- 
ithra^ite  to  the  clasd  of  free-burning  oi  luminous  coals. 

The  first  specimei^  above  analyzed,  when  tested  by  oxide  of  lead,  yUM- 
od  31.155  lipies  its  own  weight  of  .metallic  lead.    Deducting  the  moistiire^ 
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flifdHMAy  iiigttiitfUfo;0.107-f  5.40  =  ^        per  cent,  we  have  the  re- 
maining or  combustible  portion  =  93.893  per  cent.;   hence — ^ak^ 
=  33.181  =  the  reductive  power  of  the  combustible  constituents  of  this 

In  an  open  grate,  this  anthracite  gives  a  quiok^  lively,  and  cheerful  fire; 
but  lacks  the  durability  of  several  other  samples.  The  proportion  of  fused 
cinder,  or  clinker,  to  the  total  waste  being  37.5  per  cent.,  it  will  not  answer 
Well  for  use  in  close  stoves,  heating  furnaces  and  other  apparatus,  in  whiflil 
entfare  freedom  from  all  tendency  to  produce  slag  and  to  clpg  the  grate,  is 
a  property  so  much  desired. , 

In  blacksmiths'  forges,  cupolas,  and  smelting  furnaces,  it  must  doubtless 
be  iiUnd  to  work  easily,  yielding  an  intense  and  rapid  fire.  For  reasons 
already  stated,  no  trials  of  it  were  made  in  the  smith  shops. 

This  coal  breaks  easily  into  small  sizes ;  bums  very  freely,  with  consid- 
erable flame,  but  without  any  characteristic  appearances  of  caking  coals^. 
and  preserves  the  definite  forms  of  its  masses,  except  when  it  disintegrates 
during  ignition  into  small  angular  fragments. 

Its  action  under  the  steam  boiler  was  highly  satisfactory.  Its  consider- 
able portion  of  volatile  matter,  which  bums  with  a  clear  yellow  flame,  of 
moderate  length  and  brilliancy,  without  the  slightest  appearance  of  smoke, 
and  without  requiring  a  very  powerful  draught  to  sustain  and  quieicen  the 
combustion,  gives  it  a  decided  advantage  for  avoiding  that  waste  which 
arises  from  a  violent  artificial  blast. 
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TABLE  XXXIII.— LTSENS 

Firat  trial — upper  damper  8  inchet  open;  air 
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platta  doted,  and  steam  thrown  info  chimney. 


§ 


A-  fi* 


5.38 
41.40 


7.30 
6.00 

8.66 

10.00 

11.06 


i 


60.3 
62.8 
63.8 

60.7 
6S.2 


68.7 

68.0 
68.1 
69.6 
62.1 
61.6 
61.6 
63.7 
66.2 
61.1 


64.2 


I 


S. 


II 


6  ^ 
o  ^ 


•s 


160 
121 
110 

109 
109 


112 

123 
142 
171 
191 
212 
226 
236 
242 
262 


—40 
—  2 

—12 
+14 

32 


262 

274 
246 

131 
128 


43 
36 
38 
23 
28 
16 
16 
16 
12 


14 

10 
0 

-22 
-21 


Is. 


r 

I 


0.930 


0.901 


1.769 
2.299 
2.691 
2.806 
1.806 
2.199 
2.172 
2.226 
2.816 


1.848 
1.801 


REMARKS.— Grate  surfitce  14  07  square  fiwt ;  lengtlk  df 
circuit  of  heated  gases  121  feet ;  height  of  chunney  68 
feet. 


Water  m  boiler  brought  to  0.2  inch  above  normal  leieU 

Commenced  firing. 

Wood  consumed,  50.76  lbs.;  commenced  charging  with 

coal. 
Coal  ignites  readUy  for  anthracite;  steam  begins  to  Mow  off. 
Fire  brisk;  flame  whitirii;  coal  fialls  into  fine  fragments. 

Both  valves  single  wei^^ted. 

Placed  28  lbs.  of  this  coal  m  drying  appwatoa. 

Clear  and  calm  weather. 
Wind  NE.,  Ught. 


Filled  tank  at  1  Ih,  a6m.  a.  m. 

Contents  of  ash  pit  thrown  on  grate;  broke  wet)  bulb  ther- 
mometer; damper  redticed  to  4  inches* 

Damper  reduced  to  3  inches;  water  left  at  0.3  inch  above 

normal  level. 
Water  0.7  inch  below  normal  level. 
Water  in  boiler  adjusted;  water  supplied  to  leifton  levd» 

379  lbs. 


RESIDUA. 


dinker 

behind  bridge 


P(mnd$. 
4t.6# 
43.26 
1.67 


Total  clinker  and  ashes 
Deduct  wood  ashes     - 


Total  waste  from  coal 
Coke 


60.3ft 
0.166 

86.164 

S.76 
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plattt 


Ja»rM 


J\^i5 


I  t  .1* 


Hovr. 


▲.  M. 
4.18 
6.00 

e.16 
e.do 


78     70 
77.5  69.6 
78     170 

78     |70 
178      70 


7.36 

8«M 

9.00 

9.30 
10.00 
10.30 
11.00 
11.30 

F.  X. 

0.00 
0.30 
1.10 


2.30 


».«a94 


3.46 
4.00 
4.46 
▲.  X. 
6.80 
6.46 


TlXPERATURBt  OF  THE 
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86 
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74 
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78 
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76 
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74 
74 
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76 
76 


75 

74 
74 

76 
81 

68 
68 
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178 
176 
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282 
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278 
278 

276 
276 

268 


276 


248 
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240 
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191 


77 
77 
77 

78 
78 


78 


78 

78 
78 
78 
78 
78 

78 
79 
78 


86 

86 
86 
86 
86 

86 
86 


186  77 
200  76 
22976 


292 
280 


2S2 


28379 


232 


77 
78 


79 


82 


232  84 

233  86 


232 
232 
232 


23288 

23289 


232 


86 
87 
88 


89.5 


S 

I 

X 


29.96 
29.94 
29.93 

29.94 
29.94 


I 

s 

CB 

s 


.S 

•3 


28281 

280«1 
232|91 
230^1 
23ipi 

215|78 
21077.6 


20.94 

29.94 

29.93 

29.93 
99.95 
29.93 
29.93 
29.93 

29.93 
29.93 
29.92 


29.91 

99.91 
29.91 
29.91 
29.91 

30.08 
30.03 


0.349 
0.366 
0.521 

0.536 
0.583 


o 


7.06 
6.89 
6.36 

^20 
5^ 


0.636  I  5.22 


0.643 

0.636 

0.634 
0.636 
0.632 
0.632 
0.581 

0  630 
0.622 
0.622 


0.517 

0.615 
0.626 
0.621 
0.607 

0.366 
0.360 


6.14 

5.21 

5.23 
6.22 
6.26 
6.261 
5.26 

6.27 
6.85 
5.36 


6.40 

642 
6.32 
6.36 
6.60 

6.88 
7.06 


.S 
t 
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0.08 
0.21 
0.22 

0.27 
0.29 

0.82 

0.88 


s 
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0.34 

0.34 
0.84 
0.82 
0.81 
0.30 

aso 

0.80 

a26 


0.26 

0.26 
0.25 
0.26 
0.20 

0.20 
0.18 


172 
487 

829 


1722 

2189 
2647 
2967 
3899 
3829 

4217 
4632 
5212 

6098 


6863 
6758 
7078 
7400 

7406 
7726 


98.76 

106.96 
98.60 


9v. 


94.08 


96.60 
98.98 


102.76 


93.60 


^lli^jwriod  of  ftoady  actioa  from  8A.  48m.  a.  m.  to  Ih.  65in  p.  m.  it  5^.  7m.;  cod  mtpplM 
to  jp«M^  890  Ibe.;  Water  to  boiler,  4,168.37  lbs. 
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^leam.  iJ^ntttfn  mt»ehimm«!ft  and  small  furnace  in  action. 
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10*80 
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J. 66 
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69.8 


i 


6 

2 


70 

66.5 

i7 

69 
76 


95 
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172 
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67.9      201 

67.2  210 

66.2  212 

6a2  206 
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REMARKS.— Grate  surface  14.07  «qitarefiMl;  Im«A  af 
circuit  oi  heated  gaaee  121  feet;  height  of  chimney  63. 
feet 


0.911 
1.430 
2  129 


2.384 

2.172 
2.198 
2.225 
2.288 
2.241 

2.092 
2.198 
2.304 


1.760 

2.026 
1.170 


Commenoed  firing;  water  at  normal  levelat200^;  ^$Kb, 

valves  loaded  at  5h.  a.  m. 
Wood  oonsumed,  175.25  Iba.;  wind  NW.»  light;  clear; 

water  0.35  inch  above  normal  level. 
Front  valve  unleaded;  steam  blovring  off. 
Bamper  set  at  8  inches,  and  air  plates  opeoed* 

A  new  wet  bulb  thermometer  was  this  morning  brought 

into  use. 
Pilled  tank  at  Sh.  40m.;  wind  W.,  li|^t;  dear. 


A  charge  of  this  coal,  egg  size,  weighed  03*5  Iba. 
Both  valves  single  weiglied;  steam  eseaping  from  both. 

Wind  W.,  brisk;  clear. 

Eighth  charge  fine,  with  lumps. 


Filled  tank  at  2A.  20m,  p.  m. 

Air  plates  closed;  eoBtenta  of  ash  pit  thMim  oft  |^«kt; 

damper  reduced  to  3  inches  opening. 
Water  1  inch  above  aormal  leveL  * 

Water  again  brought  to  I  inch  above  normal  level. 


Water  in  boiler  adjusted. 


RESIDUA. 


Clinker 


Adies  behind  bridge 


-  87.75 
.  60.76 
.       1.67 


Total  dmker  and  ashes  ........  100.07 

Dednct  wood  ashes     .........       0.688 


Total  waste  from  coal 


99.688 


Coke 


16.50 
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T%ird  Mul — trfifMr  dmmptv  4  imehm^  uit 
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A.  M. 

6.00 


TXMriEATUBIt  OV  TMX 


74 

79 
80 
81 


83 


§ 


1^" 

1 


M 

•» 
70 
69 


"S 


i 


I 


a 
1 


c 


176 

183 
183 
180 


§ 

a 

CD 


191 

333 
834 
340 


69  188 


83  A8 

88  I  67 

84  68 


84   67 
87   67 


87 

88 
89 

88 
90 
88 


67 

70 

70 
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85 
85 


84 

84 
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84 
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333  S4 
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338 
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330 
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84 
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30.13 
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30.13 
30.13 


*S 
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0.538 
0  537 


0.531 

0.540 
0.540 
0.544 
0.536 
0.531 
0.589 

0.517 
0.534 


30.13  0.536 
30.11  0.617 
30.11  0.583 


30.11  0.534 
80.10  0.514 


80.31 
80.31 


0.410 
0.866 


S 


7.05 

5.47 
5.38 
6.80 


5.17 
5.17 
5.13 
5.33 
5.36 
5.18 

5.40 
5.33 


I 

.s 


2 
X 


0.18 

0.34 
0.36 
0.38 


5.36  0.30 


0.30 
0.33 
0.33 
0.35 
0.35 
0.38 

0.35 
0.35 


I 


5i 
11 


87 
433 


5.30  0.30 
5.40  ;  0.33 
5.35  0.30 


5.33 
5.43 

6.46 

6.89 


0.31 
0.33 

0.18 
0.13 


773 
1094 
1514 
1937 
3477 
3909 

3339 
3686 


1 

8 


88.76 
100.88 


89.60 


4158 
4653 
4909 

5638 
5783 

6783 

6388 


91.00 
94.00 

95.76 


9aoo 

104.00 


Period  of  *<iteady  action"  from  8A.  5m.  a.  m.  to  OA,  45m.  p.  m.  »  4A.  40m.;  coal  snppKed  to 
tii«  gnta,  483J^  lbs.;  water  to  boiler,  8»470  lbs.  The  Mler  had  riot  probably  quite  reached  it«^ 
pstnt  of  atoedy  evaporation  at  the  commencement  of  this  period. 
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pkUtM  eltud;  st*am  tkroum  mi«  ehimn^ 
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e.a6 
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8.06 


9.15 
9.57 

10.46 


11.43 
0.46 
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64.5 
65.7 
65.3 


63.2 

61.1 
59.8 
CO.  7 
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6S.2 
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59.9 
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■B 


A 


102 

103 

102 

99 


106 

113 
128 
145 
166 
185 
209 

235 
255 

252 
250 
242 


—19 

4 
12 


I... .«. 

218 

208 

116 

113 


21 

26 
26 
38 
28 
30 
40 

32 

18 


38 
24 
32 

14 
12 

12 

•10 


i 


II 


0.280 


1.871 

1.801 
2.046 
2.225 
2  188 
2.914 
1.717 

2.226 
1.362 


1.818 
1.967 
1.356 

1.143 


REMARKS.— Grate  muface  14.07  s^usMleet,  ki^  cfcilfc 
cuit  of  heated  gases  121  feet;  height  of  dunmty  69.  feel. 


Wind  N£.,  light;  dear;  water  at  0.1  inch  ahoTe  nortml 

level;  commenced  fixing. 
Wood  consamed,  85 1  Ibe. ;  coimnenoed  charging  with  ooaL 
Removed  seeond  wei^t  from  valves;  steam  Mows  off;  fire 

moderately  active;  set  upper  damper  at  4  indies. 


Wind  NB. ,  bririi;  dear;  fire  in  small  fomace  extinguished, 

and  its  damper  closed. 
A  charge  of  this  coal  weighed,  reduced  to.  egg  size,  96  Iba» 

Filled  tank  at  m.  to  3,080  pounds. 

Coal  in  drying  apparatus  weighed  27  lbs.  16  J  ok. 


Filled  tank. 

Contents  of  ash  pit  thrown  on  grate. 

Fire  rekindled  in  small  Aimaoe. 


Water  in  boiler  leA  at  0.8  inch  above  noimal  leveL 

Water  1  indi  bdow  normal  level;  damper  at  4  inches  dta-- 

ing  the  ni^t 
Water  adjostod.  * 


^^^ 


RESIDUA. 


Cltidker 

AAee 

Ashes  bdiind  bridge 


Poundt. 
80.50 
82.26 

1.36 


IMoctwood  adies 
Total  waste  from  coU 
Coke 


8ool^  (3  bnniiQgs^  • 


118.848 
96.75 

1.76 

I   I    If," 


/ 


j^tm"} 


TABLE  XXXVL^DEDITOnOVB  FIOS 

Experiments  on  Lykens 


*»»  1 1 1 


■♦•■♦••-■i-^**'^**^^^^ 


1 

2 

9 

4 

5 

« 

7 

8 

9 

10 

11 

12 

IS 

li 

15 

16 

17 

18 

19 

SO 
21 
22 

23 

24 
25 

26 
27 

28 
29 
^ 
31 
32 
33 


35 

36 
•37 
38 
39 
40 
'41 

42 

43 

^ 
.45 

:46 

v47 


Nature  of  the  data  fumiahed  bj  the  re^MctiTe  taUea. 


lat  triiL 


Total  duration  of  the  expariment,  in  hours        , 
Dvation  of  ataady  action,  in  hovm       ... 
Area  of  grate,  in  aquare  feet    •  .  -  • 

Area  of  heated  surface  of  boiler,  in  square  feet  - 
Area  of  boiler  exposed  to  direct  radiation,  in  square  feet 
Number  of  charges  of  coal  supplied  to  grate 
Total  weight  <^  coal  supplied  to  grate,  in  pounds 
Pounds  of  coal  actually  consumed         ... 
Pounds  of  coal  withdrawn  and  separated  after  trial 
Mean  weight,  in  pounds,  of  one  cubic  foot  of  coal 
Pounds  of  coal  supplied  per  hoar,  doriBg  steady  action  - 
Pounds  of  coal  per  square  foot  of  grata  aurfiebce,  per  hour 
Total  WMta,  ashes  and  clinker,  from  100  pounds  of  coal 
Pounds  of  clinker  alone,,  from  100  pounds  of  ooal 
Ratio  of  clinker  to  the  total  waste,  per  cent 
Total  pounds  of  water  supplied  to  the  boiler 
Mean  temperature  of  water,  in  deg^rees  Fahrenheit 
Pounds  of  water  supplied  at  the  end  of  experiment,  to 

restore  level  .  -  -  -  . 

Dediiotion  for  temperatura  of  water  supplied  at  the  and  of 

experiment,  in  pounds  .... 

Poutada  q[  water  «vap.  per  hour,  during  steady  action    * 
Cubic  feet  of  water  per  hour,  during  steady  action 
Pounds  of  water  per  square  foot  of  heated  surfeoe  per 

hour,  by  one  calculation         -  -  -  - 

Pounds  of  water  par  aquare  foot,  by  a  nam  of  aareiai 

obsenrations  - 

Water  evap.  by  1  of  coal,  from  initial  temp,  (a)  final  result 
Water  evaporated  by  1  of  coal,  from  initial  tamp*  (b) 

during  steady  .action  .  •  •  . 

Pounds  of  fuel  eviq>oratiiig  one  cubic  foot  of  water 
Mean  temperature  of  air  entering  below  ash  pit,  during 

steady  pressure         -  -  -  -  - 

M^aA  tea^p.  of  wet  bulb  thennom. ,  during  steady  prassore 
Mean  temperature  of  air,  on  arriving  at  die  grate 
M#fui  teapemtave  of  g4aes»  when  arriving  at  the  ohnnney 
Mean  temperature  of  steam  in  the  boiler 
Mean  temperature  of  ittached  ihermometeF 
Mean  height  of  barometer,  in  inches     ... 
Mean  number  of  volumes  of  air  in  manometer  - 
Mean  hdght  of  mercury  in  manomeler,  in  atmoapherea  - 
Mean  height  of  water  in  syphon  draught  gauge,  in  inches 
Mean  tempen^ture  of  dew  point,  by  calculation.- 
Mean,gain  of  temp,  by  tl^  air^  before  reaching.grate 
Mean  different  between  steam  and  eac^iHng  gaaee 
Water  to  1  of  coal,  corrected  for  temp,  of  water  in  cistern 
Water  to  1  of  coal,  from  212^,  corrected  for  temperature 

of  water  in  cistern    ----- 

■m  -  m  r  - 

Pounds  of  water,  from  212^,  to  one  cubic  foot  of  coal    - 

Watcff,  from  212^,  to.l  pound  of  comt>ustible  jnatter  of 

thafud        ...... 

J^eai^ pressure  in  atiiu>spherea,  above  ^vacuum 
Mean  preasure,  in  poundsper  sq.  inch,  above  atmosphere 
Con4^on  of  the  air  platea,  at  die  faro/ce  bridge 
J^chea  opening  of  damper,  (\],  upper,  L.  lower) 


(  TUleXKXIU.y  ( TabicXXXI%) 


July  22. 
27.25 

J^y24. 

25.45 

4.416 

5.117 

14.07 

14.97 

377.5 

377.5 

18.75 

18.75 

9.0 

9.0 

.     868.25 

874.75 

859.5 

858.25 

8.75 

16.5 

48.236 

48.597T 

112.43 

76.217 

7.99 

5.417 

10.025 

11.59Y 

4.8197 

4.874 

48.075 

37.717 

6982.0 

7726.0 

78®.  8 

•0<>.3 

379.0 

920.0 

49.0 

894) 

859.37 

814.61 

,    13.75 

I3.03i 

2.276 

2.158 

2.197 

2.284 

8.0663 

8.9566 

7.643 

10.688 

7.7127 

6.9781 

76«.7 

•9®.  73 

64«.0 

73^64 

268®.  3 

244«.91 

258<>.0  -* 

277«.55 

232<>.0 

232^.18 

740.6 

•5M4 

30.072 

29.933 

6.136 

6.25 

.5434 

.582 

.2988 

.3122 

58^.95 

68*.06 

191*>.6 

155M8 

26^.33 

48^.666 

8.038 

a  9236 

9.076 

10.067^ 

437.89 

489.23 

10.0872 

11.388 

1.4293 

1.4151 

6.3404 

6.1307 

Gloaed. 

Open  (Orova.) 

U.       8 

U.       8 

2iLTriaL 
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TABLES  XXXIII,  XXXIV,  XXXV. 
valley  anthracite  coal. 


3a  Trial. 

Averages. 

(ThbkXXXV.) 

Jufy%5. 

t 

24.75 

4.666 

14.07 

377.5 

■ 

18.75 

8.0 

78J.0 

758.S5 

«8.75 

18.0 

48.876 

48.5696 

103.41 

97.352 

7.349 

6.919 

15.114 

12.246 

4.014S 

4.4026 

26.737 

37.5096 

6283.0 

830.6 

500.0 

63.0 

743.46 

805.813 

1L89 

12.891 

1.969 

2.134 

1.988 

8.2575 

8.7601 

7.191 

8.507 

7.6689 

7.4199 

86^08 

66<>.5 

277*.  17 

263^.46 

»«o*».o 

265M83 

%9(fi.68 

W.9S 

30.119 

S.24 

.538 

.269 

.2933 

60<'.75 

« 

19I«.09 

165\957 

28«.77 

34°.  265 

•.223 

8.4282 

9.2448 

9.4628 

451.84 

469.658 

10.8005 

10.7886 

1.4165 

1.4208 

6.1513 

6.2076 

Clowd. 

- 

U.       4 

It  appeara  that  when  the  combustion  was  conducted  with  the 
djmaper  drawn  eight  inches,  in  the  fiist  and  second  trials^  ibe 
mean  amount  of  unbornt  anthracite  was  but  12.62  lbs. ;  whik 
with  a  four-inch  damper  it  was  28.76  lbs. 


1 


It  appeare  from  line  43  that  the  open  air  plate  proved  beneftcial 
to  this  coal,  so  ftr  as  evaporative  efficiency  is  concerned;  but 
from  lines  20  and  21,  it  does  not  appear  that  the  boiler  acted 
so  rapidly  on  the  second  as  on  the  first  day*s  operations. 
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Remarks  on  the  foregoing  lahle  of  deduciions. 

The  results  of  the  three  trials  of  Lykens  valley  anthracite  prove,  that 
on  the  first  day,  when  112.43  pounds  of  coal  were  supplied  to  the  grate 
per  hour,  the  rate  of  evaporation  was  13.75  cubic  feet  of  water  per  hour, 
and  that  the  final  result  of  water  to  1  of  coal,  from  212®,  was  but  9.076. 
The  air  plate  at  the  furnace  bridge  was  closed.  At  the  next  trial,  the 
plate  was  half  uncoveredj  admitting  air  through  six  rows  ef  its  apertures. 
The  rate  of  supplying  coal  was  then  only  76.22  pounds  per  hour,  and 
the  evaporation  13.03  cubic  feet  of  water  per  hour.  On  that  occasion  the 
water  from  212®  to  1  of  coal,  was  10.067 — being  a  gain  of  rather  more 
than  11  per  cent.  This  was  the  highest  result  obtained  with  the  coal 
under  consideration.  It  appears  that  on  the  third  trial,  with  the  air  plate 
closed  and  the  damper  drawn  but  4  inches,  the  evaporation  was  reduced 
to  11.89  cubic  feet  per  hour;  while  the  coal  supplied  was  103.41  pounds, 
and  the  water  to  1  of  coal,  from  212®,  in  the  final  result,  was  9.^5.  In 
line  13,  it  will  be  seen  that  the  amount  of  waste  on  the  three  several  days 
of  trial  was  10.025,  11.597,  and  15.114  per  cent.,  respectively. 

These  facts  point  to  the  necessity  of  conducting  the  combustion  of  this 
anthracite  either  with  a  small  supply  of  air  thrown  in  above  the  ignited 
mass,  or  with  only  a  thin  stratum  of  coal  upon  the  grate. 

It  will  be  seen,  on  reference  to  the  1 5th  line  of  the  table,  that,  on  the 
first  trial,  the  vitrified  portion  of  the  wasle  matter  was  48  per  cent,  of  the 
whole,  and  but  26.7  per  cent,  of  it  on  the  third.  This  again  confirms  the 
position  already  laid  down  relative  to  the  action  of  a  rapid  combustion, 
and  a  consequent  high  temperature,  in  determining  the  vitrification  of 
earthy  materials.  The  facility  with  which  these  materials  are  fused  would, 
in  the  case  of  employing  this  anthracite  for  the  smelting  of  iron,  afford 
the  advantage  of  a  ready  conversion  into  cinder,  creating  no  additional 
demand  for  jiux,  and  requiring  no  great  elevation  of  temperature  for  that 
purpose. 

From  lines  29  and  30,  it  appears  that  the  air,  in  traversing  the  cham- 
bers between  the  double  walls  of  the  furnace,  and  passing  under  the  fire 
flue,  became  heated  to  an  average  temperature  of  263°,  and  that  the 
products  of  combustion  left  the  boiler  at  26&^y  or  about  34®  higher  than 
the  contemporaneous  temperature  of  the  steam  in  the  boiler. 

From  the  39th  line  of  the  table,  it  is  apparent  that,  on  the  second  trial, 
with  six  rows  of  apertures  in  the  air  plate  open,  the  gases  escaped  from 
the  boiler  with  nearly  twice  as  much  excess  of  temperature  above  the 
steam  as  on  the  preceding  day,  when  the  whole  remained  closed*  This 
fact,  together  with  the  superior  evaporative  effect  already  noticed,  appears 
conclusive  as  to  the  advantage  of  a  supply  of  air  thrown  in  above  the 
fuel. 

From  the  average  in  line  42,  it  is  evident  that  1  cubic  foot  of  thk  an- 
thracite evaporated  nearly  460  pounds  of  water  from  a  temperature  of  «12®5 
the  lowest  result  being  438,  and  the  highest  489. 


[  3«6  i: 

Saaver  Meadow  anlhremie — part  of  a  stock  procured /or  use  in  the 

U.  iS.  Steamer  Union. 

This  coal  had  so  near  a  resemblance  to  the  samples  of  Beaver  Meadow 
ooal  sent  for  trial  by  the  company^  that  little  needs  to  be  said  in  relation 
t»  its  characters.  It  was  broken  to  a  pretty  uniform  size  of  lumps  of 
aboDt  4  inches  in  diameter  ;  and  the  weight  of  1  cubic  foot  was,  ou  an 
average,  55.084  pounds.  This  will  show  that  40.65  cubic  feet  of  space 
are  required  to  stow  1  ton. 

It  was  with  coal  of  this  sample  that  were  afterwards  made  the  experi- 
ments of  mixing  and  burning  together,  in  one  case^  bituminous  coal  of 
the  Midlothian   (Virginia)  mines,  and  in  another,  that  of  Cumberland . 
in  Maryland,  in  the  proportions  by  measure  of  one-fifth  bituminous  to 
four-fifihs  anthracite. 

There  were  two  varieties  of  this  anthracite  landed  at  the  yard  nearly  at ' 
the  same  time,  and  thrown  in  two  separate  heaps.  The  coal  for  one  day's 
burning  was  taken  from  each  heap.  By  reference  to  the  table  of  deduc- 
tions following  those  of  the  experiments,  and  a  comparison  of  the  results 
irfiicfa  it  furnishes  with  those  found  at  pages  45  and  61,  and  wUeh  re- 
late to  the  two  samples  sent  for  trial  by  the  Beaver  Meadow  company,  it 
will  be  se^n  that  the  coal  now  under  consideration  was  4.86  per  cent,  in- 
ferior in  evaporative  effect  to  the  mean  of  those  samples. 
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TABLE  XXXVIL— BEAVER  MEADOW 
Fini  variety — upper  damper  12 


Btte. 


ApnllS 


Hoot. 


h*  in* 

▲.  X. 

9.16 

9.45 

10.80 


TIXPSEATVBU  OT  TBS 


1 


2 


I 


11.00 
11.30 
p.  X. 
0.80 
1.00 
1.20 
S.OO 
8.00 
8.45 
4.45 
5.80 

6.80 

7.20 
8.00 


58 
55 
56 


J 


56 
56.5 

|57 
56 
56 
56 
56 
56 
56 
55 

51 

54 
54 


April  18 


8.15 

A.  M. 

5.45 


I 


& 


bo 


I 


154 
158 


^ 


342  51 


». 

^ 


244 
172  240 


178 
180 

312 
226 
234 
252 


262 
268 

270 
278 

280 
284 


860  296 
268  292 
276  270 


52 
52 


222  - 
221  - 
226 


I 

I 


"I 


§ 


.a 


> 


s 


53 


282 

290 

306 
320 


174 


282 


260 


52  229 
52  230 


52  228;  - 

53  330|  - 
53 
62 
51 
51 
51 
51 


61 


2281  - 

229|  - 

230 

230 

231 

229 


80.06 
30.C6 
30.06 


229 


229 


280i  51 
268!  5i;  229 


172 


52 


210 


80.07 
30.05 

80.05 
80.05 
30.06 
30.05 
30.05 
30.05 
30.05 
30.04 

30.03 

30.04 
30.04 


0.130 
0.170 
0. 178 


9  29 
8.90 
8.86 


30.02 


0.182 
0.183 

0.190 
0.189 
0.188 
0.196 
0.200 
0.186 
0.223 
0.193 

0.193 

0.193 
0.190 


8.78 
8.76 

8.69 

8.70 

8.71 

8.62 

8.58 

8.735 

8.34 

8.66 

8.66 

8.66 
8.69 


.  „ 


I 


0.19 
0.30 
0.20 

0.20 
0.21 


1 

3 


6 


S 


0.30 
0.31 
0.31 
0.22 
0.35 
0.34 
030 
0.38 


0.38   4875 


495 
746 

1360 

1605 

3186 

37901 

3300 

4730 


0.37   6340 
0.36   5930 


0.16 


6496 
7060 


I 


139.60 

nzM 

113.00 


110.6( 


113.36 


Stetdy  action,  7  hours;  coal  supplied  to  grate,  554.25  Ibfl.;  water  to  boiler,  4,875  lbs. ;  hence^ 
watflir  to  1  of  coal,  8.795. 
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ANTHRACITE  COAL,  FROM  NAVY  YARD. 
inches  open;  air  plat ea  removed. 
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8 


1 


9.15 

».46 

10.80 


41.80 


1.00 
S.00 

6.30 
0.30 


I 


I 


•s 


101 
103 
116 


122 
128.6 

166 
170 
178 
190 
204 
212 
220 
227 

286 

262 
266 


121 


H-20 
23 
14 

88 

38 


42 

48 
52 
66 
66 
62 
89 
58 

81 

I.  ..•* •« 
61 
89 


-^8 


I| 
1.1 

II 


1.311 
1.824 

2.278 
1.687 
2.140 
1.861 


2.884 

1.478 
2.804 


REMARKS.— Grate  surface  16.26  square  feet;  length  off 
circuit  of  heated  gases  121  feet;  hcnght  of  ehimiiey  41 
feet;  grate  7  inches  below  boiler. 


Commenced  firing  at  7h,  Sfit.  a.  m. 
Wood  consumed,  171  lbs.;  commenced  charging  with  eotf.' 
To  the  first  charge  was  added  18^  lbs.  ofoSteoi  the  same 
coal,  making  in  all  129.5  lbs. 


^FUledtink. 
Beginning  to  rain. 

Lower  damper  opened  a  few  minutes. 
"^  Water  gauge  obstructed^  causing  the  boiler  to  be  oter« 
C     charged. 
3  Filled  tank. 


Contents  of  ash  pit  thrown  on  grate. 
Water  2.2  inches  above  normal  level. 
Water  in  boiler  adjusted. 


-Clinker 
Adies 
Ariies  behind  bridge 


Total  clinker  and  ashes 
Deduct  wood  ashes 


Total  waste  from  coal 


RESIDUA. 


Pounds, 
12JM 
60.26 
6.25 

68.76 
0.625 

68.225 


Coke 


112.83 
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TABLE  XXXVIII.— BEAVER  MEADOW" 


Second  varietjf- 


Date. 


.Jk|nllS 


Hour. 


O 


April  14 


A.  m% 

A.  M. 

7.60 
7.66 

8.40 

10.80 

11.40 

p.  X, 

0.40 

1.00 

3. SO 
4.S6 
5.40 
7.00 
8.^ 
8.40 

9.15 
10.00 

A.  X. 

7.26 


TKMPBEAT17BBS  OF  TBI 


|64 
64 

55 
56 
56.3 

56 
66 


57 

66.5 

56 

56 

66.5 

55 

56 
55.5 


55 


a 


I 


3 


O 
M 


ft 


140 
168 

162 
168 
160 

156 
160 


170 
182 
196 
tl3 
288] 
255 

268 
275 


190 


a 

s 


172 
222 

192 
192 
190 

284 
278 


282 


28862 


268 
2921 
284 


53 
64 

53 
54 
52 

53 
52 


53 


52 
62 
63 


.9 


210 
224 

220 
2S0 
222 

226 
226 


1229 
230 
225 
229 
229 


275  52,5  229 


270  53 


270 


210 


54 


56 


230 
228.5 


§ 
g 


220 


80.08 
30.02 

80.02 
80.02 
30.02 

80.00 
29.99 


29.96 
29.96 
29.92 
29.91 
29.91 
29.91 

29.92 
29.92 


29.88 


s 


t 


0.120 

0.186 
0.120 
0.18S 

0.1T8 
0.168 


0.190 
0.186 
0.181 
0.193 
0  190 
0.193 

0.193 
0.190 


a  096 


6 


.S 


9.39 


a 
o 

I 

.a 


1 


|.l 


rs 


0.80 
0.20 


9.74  I  0.17 


I  u.i 

!o.i 


9.39  I  O.fO 


9.21 

8.88 
8.96 


0.20 

0.20 
0.20 


8.69 
8.72 
8.78 
8.66 
8.69 
8.65 

8  66 
a  69 


0  23 
0.22 

0.88 
0.28 
0.28 
0.88 


9«64 


0.89 
0.88 

0.21 


470 
680 
630 

630 
630 


1030 

1740 

12486 

3105 

13935 


8 

I 


188.00 

108.00 
106.185 

loafto 


11KS5 


168.75 

nooo 

168.75 
108.185 


4323;  UO.OO 


4850 
[6790 


8187 


Period  of  ftetdy  action  this  day  from  Ih.  p.  m.  to  Bh.  40m.  p.  m.  -«  7A.  40m.;  coal  supplied  to 
ffnte,  646.76  lbs.;  water  to  bmler,  3,693  lbs. 
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airptata  removed. 
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a 
o 

i 


1 


i 


I 


I 


U) 


2  \, 


/i.  fii. 

7.55 

** 

8.40 
10.80 
11.40 

^^ 

1.60 

- 

4.25 
5.40 
7.00 
6.00 
8.40 
•  ••.... 

: 

^ 

fA 

86 
104 

107 
112 
108.7 

100 
104 


s-88 
—  2 

—28 
—28 
—82 

4-58 
52 


118 

125.6 

i40 

157 

1^2.6 

200 

212 
219.5 

1^5 

— i^ 


53 
58 
43 
53 
55 
46 


-i 
Ji 


I 


h 


^9 


1 .556 
0.159 
0.113 


40 
41.5 

1—10 


0.289 
1.786 
1.568 
1.231 
2.198 
1.542 


2.075 
3.320 


REMARKS. — Grate  surface  16.25  square  feet;  length  of 
circmt  of  heated  gases  121  feet;  height  of  chimney  41 
feet;  grate  7  inches  btlow  the  boiler. 


Wood  consumed,  112  lbs.  6  oz.;   commenced  charging 

witiicoal. 
Lower  damper  open;  temperature  of  gases  taken  at  tipper 

Bue. 
Temperature  taken  at  upper  flue;  at  lower  flue  it  was  248^. 

Temperature  of  gases  taken  at  lower  flue. 
Temperature  of  gases  taken  at  lower  flue;  raining. 

Temperature  taken  at  upper  flue;  the  lower  dosed. 

The  recorded  temperature  of  ^am  in  boiler  a  probably 

an  error  of  observation;  raining  violently. 
Damper  reduced  to  8  inches. 


Contents  of  ash  pit  thrown  on  grate. 
Water  in  hoiler  adjusted. 


Clinker  • 

AAm 

biliiiid  bridige 


T#lal  elinker  and  ashes 
BedQct  wood  aBbw     • 


RE6IDUA. 


Pounds, 
14.50 
<}5.50 
6.25 

86.25 
0.845 


Total  waate  fron  coal  - 
Coke  -  ^ 


-    85.905 


101.83 
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TABLE  XXXIX.— DEDUCTIONS 

Experiments  on  Beaver  Meadow 


1 

2 

3 

4 

6 

6 

7 

8 

9 

10 

11 

IS 

13 

U 

IS 

16 

17 

18 

19 

20 
21 
22 

23 

24 

26 

26 

27 

28 
29 
30 
31 
32 
38 
34 
35 
36 

37 
38 
39 
40 
41 

42 
43 

44 

46 
46 
47 


Nature  of  the  data  furnished  by  the  respective  tables. 


Total  duration  of  the  experiment,  in  hours  -  •  - 

Duration  of  steady  action,  in  hours  .  •  • 

Area  of  grate,  in  square  feet  .  .  .  . 

Area  of  hcatod  sur&cc  of  boiler,  in  square  feet 
Area  of  boiler  exposed  to  direct  radiation,  in  square  feet 
Number  of  charges  of  coal  supplied  to  grate 
Total  weight  of  coal  supplied  to  grate,  in  pounds    - 
Pounds  of  coal  actually  consumed  •  .  .  • 

Pounds  of  coal  withdrawn  and  separated  after  trial  - 
Mean  weight,  in  pounds,  of  one  cubic  foot  of  coal   - 
Pounds  of  coal  supplied  per  hour,  during  steady  action 
Pounds  of  coal  per  square  foot  of  grate  sur&oe,  per  hour 
Total  waste,  ashes  and  clinker,  from  100  pounds  of  coal 
Pounds  of  clinker  alone,  from  100  pounds  of  coal    - 
Ratio  of  clinker  to  the  total  waste,  per  cent 
Total  pounds  of  water  supplied  to  the  boiler 
Mean  temperature  of  water,  in  degrees  Fahrenheit  - 
Pounds  of  water  supplied  at  the  end  of  experiment,  to  restore 
level      ----... 

Deduction  tor  temperature  of  water  supplied  at  end  of  exjksri- 
ment,  in  pounds  -  .  .  .  . 

Pounds  of  water  evaporated  per  hour,  during  steady  action  - 
.  Cubic  feet  of  water  per  hour,  during  steady  action    - 

Pounds  of  water  per  square  foot  of  healed  surfiice  per  hour, 
by  one  calculation  -  .  •  .  . 

Pounds  of  water  per  squafe  foot,  by  a  mean  of  several  obser- 
vations •  .  .  .  .  . 

Water  evaporated  by  1  of  coal,  from  initial  temp,  (a)  final  result 

Water  evaporated  by  1  of  coid,  from  initial  tenqp.  (b)  during 
steady  action      •-.... 

Pounds  of  fuel  evaporating  one  cubic  foot  of  water  • 

Mean  temp,  of  air  entering  below  ash  pit,  during  steady  pres* 
sure      ----... 

Mean  temp,  of  wet  bulb  thermometer,  during  steady  pressure 

Mean  temperature  of  air,  on  arriving  at  Uie  grate 

Mean  temperature  of  gases,  when  arriving  at  the  chimney    - 

Mean  temperature  of  steam  in  the  boiler      ... 

Mean  temperature  of  attached  thermometer  ... 

Mean  height  of  barometer,  in  inches  .  .  . 

Mean  number  of  volumes  of  air  in  manometer 

Mean  height  of  mercuiy  in  manometer,  in  atmospheres 

Mean  height  of  water  in  syphon  draught  gauge,  in  inches     - 

Mean  temperature  of  dew  point,  by  cakulation 
Mean  gtin  of  temperature  by  the  air,  before  reaching  grate    . 
Mean  difference  between  steam  and  escaping  gases  * 
Water  to  1  of  coal,  corrected  for  temp,  of  water  in  cistern    - 
Water  to  1  of  coal,  firom  212<>,  oonected  for  temperature  of 

water  in  cistern  -->... 

Pounds  of  water,  from  212*,  to  1  cubic  footof  coal- 
Water,  from  212®,  to  1  pound  of  combustible  matter  of  the 

fuel       .-.-..  . 

Mean  pressure,  in  atmospheres,  above  a  vactinm 
Mean  pressure,  in  pounds  per  sq.  inch,  above  atmosphere    - 
Condition  of  the  air  plates,  at  the  furnace  bridge      - 
Inches  opening  of  damper,  (U.  upper,  L.  lower)     . 


1st  TriaL 

2d  Trial. 

(Tsb.XrXVU.) 

(Tab.XUCVlIL) 

April  12. 

April  13. 

22.66 

28.082 

7.0 

7,66 

16.26 

16.26 

377.5 

377.5 

21.66 

21.66 

9.0 

10.0 

1020.76 

1089.75 

908.42 

987.92 

112.33 

191.83 

65.68 

64.4876 

79.178 

71.181 

4.872 

4.38 

7.612 

8.6965 

13376 

1.4617 

17.809 

16.809 

7060.0 

8187.0 

51«.3 

530.8 

666.0 

2380.0 

84.0 

342.0 

696.428 

481.8 

11.142 

7.709 

1.8448 

1.2763 

1.7607 

1.427 

7.6792 

7.9409 

8.7966 

6.7322 

8.1389 

7.8706 

66<>.67 

660.98 

262®.  61 

2240.62 

276«.  16 

2780.62 

229<>.308 

2280.7 

53«.0 

530.0 

30.048 

29.928 

8.6696 

8.69 

0.198 

0.190 

0.2438 

0.2616 

197°.  04 

1680.69 

46«.842 

490.92 

7.7277 

7.9966 

8.9334 

9.2248 

497.46 

602.64 

9.669 

10.1034 

1.4291 

1.4218 

6.3374 

6.2291 

Removed. 

ReoBoved. 

U.     12 
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FROM  TABLES  XXXVII,  XXXVIII. 
dnihraciie  coaly  from  navy  yard. 


AvengM. 


107.08 
56.0887 
75.1706 
4.626 
8.1037 
1.3996 
17.809 


689.114 
9.4t55 

1.6606 


7.81 

7.7639 
8.0047 


fdeo.615 
37r».385 


0.3534 


183^.866 
48^381 
7.8633 

9.0791 
500.046 

9.8813 
1.4366 


Remarks. 


The  large  amotmt  of  coal  left  on  the  grate  is  attributable,  in  part,  no  doubt,  to  the 
deficiency  of  draught;  hut  by  reference  to  page  46  it  will  be  seen  that  the  Bea- 
rer Headow  mn]^  fiom  sk^  No.  3,  gan^  on  an  arerage,  113.87  pounds; 
almost  identical  with  that  found  on  the  fimt  trUd  here  recotded. 


No  observations  on  this  subject  taken  at  this  period. 


The  heifl^t  of  chimney. (41  feet)  was  probably  too  low  to  give  the  most  useful  ef- 
fect to  tins  coal. 
(Observations  for  this  deduction  not  taken.) 
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No.  9. 

^^  Natural  cokty^  from  Tuckahoty  Virginia ^  sent  by  Messrs.  Barr  and 

Deaton. 

The  following  letter  relates  to  this  sample : 

**  Richmond,  July  1,  ISA2. 

'^SsAR  Sir:  Annexed  you  have  a  receipt  from  Captaiu  Shorter, 
schooner  Presto,  for  two  tons  natural  coke,  (all  lumps,)  to  be  tested  as 
fuel  for  war  steamers.  It  is  from  a  mine  just  opened  on  Tuckahoe,. 
Viirginia. 

^<  We  were  advised  by  Mr.  F.  B.  Deaoe,  whom  yon  know,  to  forward 
this  thus  late — knowing  it  to  be  a  new  article,  and  believing  you  would, 
at  your  leisure,  give  it  a  trial,  should  it  not  arrive  in  time  for  the  general 
test.    The  heat  from  it  is  intense,  and  it  answers  well  in  our  pit  engines. 

"  Yours,  respectfully, 

"BARR  &  DEATON. 

"William  B.* Scott,  Esq.'* 

The  exterior  appearance  of  this  material  is  very  different  from  that  of 
any  of  the  anthracites  heretofore  described,  and  equally  or  more  so  from 
that  of  all  the  bituminous  coals  which  will  hereafter  come  under  notice. 
It  is  of  a  uniformly  dull  black,  or  merely  glimmering  lustre;  the  sarfaces 
of  deposition  appearing  in  many  specimens  to  be  distorted,  or  almost  whol- 
ly  obliterated.  In  others,  fractures  occur  along  those  surfaces ;  but  the 
fossils  which,  in  coal,  usually  occupy  those  spaces,  are  nearly  undistin- 
guishable.  The  spaces  are  found  occupied,  in  a  great  measure,  by  sulphate 
of  iron.  This  substance  gives  rise,  during  the  combustion,  to  the  devel- 
opment of  sulphurous  fumes  excessively  oppressive  to  the  organs  of  respi- 
ration. There  appears  to  be  soarcely  more  regularity  of  form  in  the  masses 
of  this  material  than  in  those  of  common  anthracite.  When  reduced  to 
powder,  it  becomes  perfectly  black,  and  the  streak  on  white  eatthenirare 
is  of  the  same  color. 

One  specimen  (a)  of  this  material  had  a  specific  gravity  of  1. 305  ; 
another  (6)  1.3413.  The  mean  of  these  gives  the  calculated  weight  per 
cubic  foot  82.695  pounds. 

Pofty-seven  experiments  proved  the  actual  average  weight  per  cubic 
foot  to  be  46.635  pounds;  the  highest  hmxi^  54.75, «ad  die  lowest  40.5. 
Hence  the  ratio  of  the  actual  to  the  calculated  weight  is  0.5639:  1.  The 
space  required  per  ton  is  48.032  cubic  feet. 

The  moisture  expelled  in  drying  a  at  216^  was  0.962,  and  that  from  by 
0.775.  28  pounds  exposed  for  four  days  in  the  steam  drying  appataais  lost 
1.116  per  cent. 

Of  other  volatile  matter,  a  lost  by  mean  of  two  trials  10.42S,  and  b 
14.045.  The  sulphur  procured  from  b  was  0.466  per  cent.  Thel^ial  vol- 
atile matter  obtained  from  one  specimen  tried  by  Dr.  King  wtas- 18.916,. 
and  that  from  another  12.25.  The  mean  of  these  is  13.105;  while  the 
mean  of  the  two  above  stated  (including  moisture)  is  13.083. 
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Of  ew(by  matter,  specimen  a  gave,  by  a  mran  of  fmir  in<unerations, 
10.991;  and  by  four  others,  11.15 — mean  11.07;  b  gave  2.44  and  a.O?,  or 
a  mean  of  e.755  per  cent.  The  higher  rtDmbers  in  both  of  these  cases  are 
probably  due  to  the  more  complete  peroxidation  of  the  iron  in  one  set  of 
trials  than  in  the  other. 

Dnring  the  experiments  on  eraporation,  there  were  bomed 4,209  pounfls 
of  this  coke,  from  which  were  obtained  551.5  pounds  of  ashes,  weighblg 
-  fiS.&8  poands  p&  eubie  foot;  a«5.75  pounds  of  clinker,  weighing  38.85 
pounds  per  cubic  foot ;  and  1  l.S  pounds  of  soot  and  dust  Arom  the  flues^ 
'W^hiBg  at  the  rate  of  22.67  pounds  per  cubic  foot.  Of  this  latter  mate- 
rial, the  carbonaceous  portion  vas  doubtless  due  almost  entirely  to  the 
■wood  used  in  heating  up  the  boiler.     A  reincineration  left  of  the 

Ashes  ...        52.78  per  ceoL  iocombuatible. 

Clinker  -  -  -         90.37  « 

Soot-  ...        46.66  " 

Hence  Ihe  absolutely  incombustible  matter  in  the  state  of 

Ashes,  is        -  -  •  -  -  291.0S0  pouods. 

Clinker         .  -  .  .  .        204.105      " 

Dust  or  soot  -----  5.366       " 

Total  -  -        500.551       « 

From  this  deducting  the  ashes  of  905.2  pounds  of  wood  =  2.777  poundp^ 
we  have  left  497.774  pounds  =  11.826  per  cent.,  or  4.914  per  cent,  mam 
than  the  mean  of  the  two  specimens  above  analyzed. 

The  data  furnished  by  the  analyses  show  that  the  two  specitustis  bad 
the  following  constituents  : 

Spacimen  a. 
Moisture         ....        0.962 
Stitpbur  ....    (not  tried) 

Other  volatile  matter  -  -  -       10.428 

Earthy  matter  -  -  -      11.070 

F^ied  carbon-  -  -  -      77.540 


100.  100. 

Volatile  to  fixed  combtistible  1  :  7.435  1  :  6,068 

The  operations  on  a  large  scale  -afford  the  fc^lowing,  viz : 

Moisture, from 28 pounds      -  -  -         I.1I6  percent. 

Other  volatile  matter,  from  four  specimens     -      11.977      " 
Barlhy  matter,  fVom  4,209  pounds       -  -       11.826       " 

Fixed  carbon,by  difference    -  .  -       75  081       " 

Volatile  combustible  to  fixed  carbon        -  -      1  :  6.2688 

The  clinker  of  this  fuel  Is  externally  of  a  reddish-brown  color,  blatk  on 
-the  interiar,  letiding  to  spread  into  contiasons  maests,  btit  not  sericusly 
impaiKBg  tbe  grate.  In  oan  inMs«e,  however,  it  was  £>tnid .  neeessary  to 
TetBovea  portion,  to  maintain  a  lumforiD  action  of  the  boiler.  An  opprea- 
«ive  odor  ofiutphuroas  acid,  eTidently^erived  from  the  t^Mnpodltion  df 
tbe  sulphate  of  iroQ,  iras  tlte  conseq^uence  of  expMing  ttiisiclintMr  white 
hot  on  the  open  hearth  of  the  furnace. 
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Among  the  soot  and  dust  of  the  flues,  withdrawn  after  burning  this 
cojce,  was  found  a  considerable  quantity  of  sulphuric  acid ;  157.9  grains  of 
the  dust  being  digested  at  a  temperature  below  boiling  point  for  twenty 
hours,  and  then  filtered,  was  found  to  contain  free  sulphuric  acid.  Chlo- 
ride of  baryum  afforded  a  precipitate  of  sulphate  of  baryta,  which,  beioff 
Altered  out  and  ignited,  weighed  22.9  grains— showing  the  sulphuric  acid 
to  be  4.98  per  cent  of  the  weight  of  dust  assayed.  The  presence  of  this 
miLterial  in  so  considerable  quantities  must  doubtless  prove  highly  ioju- 
xious  to  the  metals  with  which  it  comes  in  contact. 

Of  specimen  b,  20  grains  treated  with  litharge  yielded  626.83  grains  of 
me^lic  lead,  or  31.344  times  its  own  weight.  Deducting  moisture  and 
earthy  matter,  the  lead  to  1  of  combustible  is  32.491. 

The  trial  of  this  coke  in  an  office  grate  exhibited  the  following  phenom- 
ena :  When  laid  on  a  bed  of  ignited  coke,  it  remained  for  twenty  or  thirty 
minutes  with  little  or  no  emission  of  flame.  It  then  began  to  yield  a  por- 
tion of  bhie  flame,  which,  as  the  heat  increased,  passed  into  a  yellowish 
white,  intermixed  with  blue,  and  rising  to  the  height  of  12  or  15  inches. 
This  character  of  affording  a  pretty  long  flame  had  been  noticed  in  the  ex- 
periments on  evaporation. 

This  fuel  burns  with  about  the  same  activity  as  Lykens  valley  anthra- 
cite. On  becoming  fully  ignited,  it  throws  out  an  intense  heat,  accom- 
panied with  the  blue  flame  of  an  anthracite  fire.  Being  more  porous  than 
the  latter,  and  exposing  more  surface  to  the  action  of  the  air,  it  bums 
more  rapidly,  and  with  proportionate  intensity  of  heat.  By  projecting  a 
little  water  on  the  ignited  nyass,  the  blue  is  changed  to  a  crimson-colored 
'flame. 

This  coke  would  be  more  suitable  for  hall  stoves  and  house-heating  fur- 
naces than  for  open  grates,  especially  if  the  former  were  so  constructed  as 
to  confine  the  strong  sulphurous  fumes. 

The  time  required  to  bring  the  boiler  to  steady  action  was  1.745  hour, 
or  about  |  of  an  hour  less  than  was  required  by  the  Lykens  valley  an- 
thracite. 

The  quantity  left  unburnt  at  the  conclusion  of  each  experiment  was 
43.687  pounds.  The  very  large  proportion  of  combustible  matter  found  in 
the  ashes  by  reincineration  (47.22  per  cent,  of  their  weight)  indicates  that 
a  rapid  disintegration  occurs  during  the  combustion.  This  effect  rendered 
it  frequently  necessary  to  replace  the  contents  of  the  ash  pit  on  the  grate, 
in  order  to  secure  a  satisfactory  combustion. 

It  cannot  be  recommended  for  use  in  smiths'  fires,  owing  to  the  large 
amount  of  sulphur,  and  the  high  proportion  of  earthy  constituents.  With 
a  very  slow  rate  of  combustion,  which  would  leave  a  large  portion  of  its 
residue  unvitrified — such  a  rate,  for  example,  as  is  used  in  Cornwall, 
where  the  water  evaporated  by  a  square  foot  of  absorbing  surface  is  but 
about  nine-tenths  of  a  pound  per  hour — this  material  would  afford  a  steady 
durable  heat,  with  but  little  impediment  to  the  passage  of  air  through  the 
grate. 

A  reference  to  the  deductioins  table  XLIV,  will  show  that,  on  an  aver* 
age,  as  seen  in  line  26,  it  took  8.34poandsof  coke  to  evaporate  1  cubic 
foot  of  water,  and  that  the  cubic  foot  of  coke  evaporated  from  212^  395.3 
pounds  of  water,  while  the  same  bulk  of  Lykens  valley  anthracite,  to 
which  its  action  bears  a  stronger  analogy  than  to  that  of  any  other  of  this 
dass,  produced  459.6  pounds  of  steam. 
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In  line  39  of  the  table  of  deductions,  it  will  be  seen  that  when  the  air 
plates  at  the  furQa9e  bridge  were  open,  the  gases  passed  4o  the  chimney 
at  a  mean  temperature  above  that  of  the  steam,  for  the  two  days  on  whicn 
ttiat  arrangement  was  adopted,  of  46^74 ;  while  on  the  two  days  when  the 
air  plate  was  closed,  the  mean  excess  of  temperature  was  only  38^.5.  This, 
as  well  as  the  slight  superiority  in  evaporative  effect  observed  in  the  43d 
line,  when  the  air  plate  was  open,  led  to  the  conclusion  that  some  portion 
of  combustible  gases  escaped  combustion  when  the  air  plate  was  closed. 
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TABLE  XL.- 
First  trial — upptr  damptr  10 


TEXPIHATURES  OF  THE 

1 

i 

-8 

• 

o 

0 

• 

he 

• 

i 

1 

1 

•5 

1 

jd 

1 

!  . 

}.g  ^ 

i 

Air  entering   bac 
of  grate. 

.§ 

.     i 

a 

.9 

,c 

%i 

m 

Date. 

Hour. 

Open  air   ente 
below  ash  pi 

Wet  bulb  therm 
eter. 

Gas  entering  ch 
ney. 

Water  in  tank. 

Steam  in  boiler 

Attached  therm 
eter. 

Height  of  baron 

■s 

Volumes  of  air 
eter. 

tm 

09 

Weight  of  wal 
to  boil 

Jtinel? 

p.  M. 
0.00   71 

1 
63 

166 

1 
232)  76 

1       * 
188     - 

1 
30.06      - 

0.26 

0.86    71 

63 

194    2551  76 

229      - 

30.06  0.524 

5.33 

0.25 

■.. 

87,00 

0.60    70 

63 

I9i  255    76 

1         1 

230      - 

30.04  0-626 

t 

6.30 

0.27 
0.40 

162 
310 

85.00 
87.25 

1.06 
1.30 

69.5 
70 

62 
62 

193 

207 

270 

76 

233     - 
233,     - 

30.02  0.660 
30.0a  0.562 

4.98 
4.96 

2801  76 

0.38 

638 

97.60 

1.60 

74 

65 

324 

260   76 

232      -     30.04  0  561 

4.97 

0.38 

976 

- 

2.10 

74 

64 

236;  260,  76 

233,     - 

30.04  0.663 

6.04 

0.38 

1310 

90.26 

2.30 

78 

66 

260 

240 

76 

233,     - 

30.04  0.660 

6.08 

0.30 

1662 

- 

2.60 

76 

66 

280 

245 

76 

2331     - 

30.03  0.560 

6.08 

0.33 

1907 

98  75 

3.10   76 

63 

306 

242 

76 

232'     - 

30.03  0.637 

6.20 

0.30 

2249 

98.76 

3.30 

76 

64 

316 

260,  76 

232      - 

30.03  0.636 

5.22 

0  80 

• 

— 

3.60 

76 

65 

326 

1  76 

232!     - 

30.03  0.648 

6.10 

0.30 

2588 

101.25 

4.10 

77 

68 

340 

226 

76 

232 

— 

80.03 

0.643 

5.14 

0.36 

2926 

- 

4.30 

77 

67 

346 

260 

76 

232 

1     "" 

30.03 

0.660 

6.08 

0.33 

3082 

. 

6.00 

80 

67 

846 

265 

76 

232     - 

30.03  0.546 

6.12 

0.34 

8410 

101.26 

6.30 
6.00 

80 
80 

68 
66 

360 
868 

234 
272 

76 
76 

231 
232 

30.03  0.633 

6.24 
6.10 

0.80 

3748 

86.26 

30.03 

0.648 

0.36 
0.80 

4163 
4415 

6.20 

88 

70 

382 

230 

76      232 

^ 

30.03 

0.627 

6.30 

6.36 

82 

66 

- 

- 

76       - 

- 

30.04 

0.603 

5.64 

- 

4980 

-' 

June  18 

p.  jr. 
2.00 

76 

63 

180 

186 

76      220 

_ 

30.12 

0.406 

6  49 

0.14 

4980 

. 

2.46 

76 

63 

184 

182 

76      208 

"" 

30.12  0.360  7.06 

0.18 

6620 

Period  of  iteady  action  from  Ik,  Sm.  p.  m*  to  6A.  6O111.— 4A,  46m,;  coke  supplied  to  the  grateb 
674  Ibt.;  water  to  boiler,  3,713  Ibf. 


143 


[386] 


NATURAL  COKE. 

incAes  «pen  ;  air  plates  closed. 


I 


1 


i 


A.  m. 

0.35 
1.00 

1.06 

1.4d 

3.06 

9.40 
3.06 

3.46 


4.60 


6.60 


68.1 
68.7 
68.7 


68.6 

66.9 

60.1 

68.S 

60.& 

69.5 

66.3 

60.8 

69.1 

63.7 


62.1 
60.7 
69.4 

58.9 


6S.6 

56.0 

55.9 
56.9 


B'l 


II 

3^ 


i 


I 


£ 
^ 


94 
123 
122 


il^ 


.s 
I- 


123.5 

137 
150 
162 
177 
206 
230 
240 
250 
263 


268 
269 
280 

288 


+44 
26 
25 

37 


47 
28 
27 
7 
13 
10 
18 


I. 


II 


_l 

OS  xi 


1.717 
1.668 


294 


106 
109 


28 

38 

3 


40 
—  2 


—35 
—26 


2.085 
2.678 
2.662 
2.002 
2.741 
2.718 

1.346 
2.678 


1.247 
1.737 
1.764 


2.225 


2.003 


REMARKS.— Grate  surface  14.07  aqoare  leet;  leagth  of 
circuit  of  heated  gases  121  feet;  height  of  chimney  63 
feet. 


Commenced  firing  at  %h.  a.  m. 

Water  0.3  inch  below  normal  level.  By  an  eacape  of  air 
from  the  manometer  since  last  experiment,  the  volumes 
are  now  reduced  to  4. 1625  at  32^  Fahr.,  and  ban>meter 
at  30  inches;  steam  at  equilibrium  at  OA.  35m.  pu  m. 

Wood  consumed,  567^  lbs.;  commenced  charging  with 
coke  at  OA.  35m.  p.  m  ;  steam  blows  off  at  OA.  50m.  p.  m. 


Clear. 

Commenced  drawihg  gases  at  8A.  50m.  p.  m. ;  drew  in  10 
minutes  100  cubic  inches,  which  gave  water  0.76  grain, 
carbonic  add  4.5  grains,  oxygen  11.11,  (reduced  to  60^ 
and  30  inches  barometer. ) 

The  8th  and  9Ui  charges  were  almost  all  fise  coke. 


Contents  of  ash  pit  thrown  on  grate;  damper  reduced  to  5 

inches. 
Water  in  boiler  left  at  L  6  inch  above  normal  level. 

Water  not  visible  in  glass  tube  ef  gauge. 
Water  adjusted. 


I   I    H    It  I  I      ■    J 


RESIDUA. 


Clinkor 

A4ieB 

AAetbehoiifaiidlg*    • 

IMKt  wood  ashes  - 
Told  wwM  fixNn  coke 
Cokit  imbcirat 


Bifida. 

44.25 

127.7S 

7;M 

179.S( 
1.74 

177.66 
31.76 
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TABLE  XLI— 
Second  trial — upper  damper  10  ifuhtt  open  ; 


1 
1 

1 

& 

Jmwlfl 

6.16 

68 

60 

150 

_ 

73 

186 

_ 

30.10 

0.360 

6.05  0.16 

- 

. 

«.10 

60 

•0 

139 

230 

73 

302 

30.19 

0.361 

6.91'  0.341 

11.26 

67 

60 

139 

210 

73 

217 

80.81 

0.430 

0.361     - 

7.13 

S8 

61 

US 

310 

73 

836 

- 

80.12 

0.406 

6.69  0.80 

- 

M.75 

8.00 

70 

*.'. 

144 

343 

.!'.. 

.- 

- 

30.  S8 

0.680 

6.38 

0.36 

,« 

88.60 

"*e.8o' 

70 

61 

'U8 

873 

73 

333 

1. 

30.84 

0.644 

6.'l's 

0.00 

70 

60 

158 

3(3 

78 

332 

- 

S0.S4 

0.644 

6.1S|  0.37 

492 

04.26 

O.U 
«.40 

7« 
74 

SI 
91 

16S 

168 

390 
305 

7S 

7S 

83S 
333 

30.34 
30.24 

0.548 
0.563 

6.10 
6.04 

0.86 

660 

98.00 

0.J8 

oio' 

"""' 

10.00 

74 

61 

170 

308 

7S 

832 

30.84 

0.550 

6.oe:  0.36 

1170 

10.  SO 

78 

63 

178 

365 

78 

233 

30.83 

0.644 

5.!4  0.33 

1610 

83.76 

10.40 

76 

63 

183 

275 

72 

838 

30.83 

0.644 

5,14  0.32 

1676 

- 

11.00 

76 

61 

188 

376 

73 

333 

30.86 

0.546 

6.18  0.38 

1830 

- 

11.30 

78 

63 

ISO 

276 

73 

332 
338 

30,36 

0.530 

6.13  0.31 

2:87 

84.60 

11.40 

78 

63 

196 

366 

78 

30.86 

0.648 

6.10  0.85 

3363 

- 

0.00 

7B 

62 

198 

383 

73 

S33 

_ 

30.85 

0.548 

6.1010.8+ 

8616 

84.00 

0.W 

80 

63 

203 

380 

73 

333 

30.86 

0.54S 

5.10:0.84 

3876 

0.40 

78 

63 

SOB 

360 

73 

338 

80.86 

0.55S 

5.06' 0  3S 

3320 

1.00 

78 

63 

310 

876 

78 

333 

30.36 

0.648 

5.14.0.31 
6.1610.34 

3362 

8B.M 

l.SO 

BO 

63 

23S 

260 

333 

- 

80.86 

0.540 

3853 

3.00 

BO 

64 

23i 

360 

77 

832 

" 

30.St 

0.654 

5.03;  0.86 

3910 

94.86 

3.30 

e( 

66 

346 

356 

77 

833 

30.86 

0  636 

6.82  0.80 

4100 

_ 

3.00 

83 

64 

261 

3B5 

332 

30.86 

0.C4S 

6.14  0.25 

4836 

87.76 

8.30 

S3 

64 

262 

S80 

77 

333 

30.86 

0.558 

6.05!  0.30 

5160 

4.00 

83 

es 

253 

868 

78 

333 

30.86 

0.546 

6.13'  0.35 

5683 

97.75 

4.30 

83 

S3 

372 

868 

78 

232 

80.36 

0.548 

6.10,0.34 

6010 

88.00 

5.00 

83 

63 

373 

870 

78 

833 

- 

80.36 

0.648 

6.10  0.86 

6360 

88.86 

s'so 

88 

66 

876 

883 

n" 

m 

'"1 

90.26' 

'o.6W 

m's 

0.33 

6780" 

'"-"' 

6.00 

86 

66 

310 

3S0 

78 

629 

- 

30.28 

0.51S- 

6.SB 

0..6 

7636 

- 

JuMM 

*4.1fS 

60 

S4 

sto 

810 

76 

838 

_ 

30.88 

0.614 

6.4S 

0.16 

7840 

_ 

6.15 

60 

S4 

SIO 

310 

76 

813 

- 

30.38 

0.373 

6.80  0.1  B 

8878 

- 

Pnied  of  itnd;  action  umimed  to  b«  ftam  9A.  SOm.  >.  m.  to  9A.  10m.  p.  m.~7&.  40ni.{ 
■upidied  to  (r*tei  316.76  Ibi.  i  water  to  boiler,  6,718  lbs.;  henM,  wtt«T  U  1  of  coke>=6.e93. 
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airplmtn  open;  steam  thrown  into  chimney. 


[  388  3 


•si 


I 


^ 


ra«   n«* 


r.is 


55«8 
55.7 
55.0 
56.3 


8.00      5&0 


9.00 
9^30 


10.10 

ii.ao 

0.00 

•1.00 
1.10 

2.45- 

3.50 

5.10 


55.0 
63.0 
63.7 

62.5 
53.5 
55.3 
53.4 
51.3 
52.3 
54.2 

52.2 
53.2 
63.7 
bi^ 
63.2 
55.2 

55.2 
53.7 
54.2 
49.5 
52,1 
51.6 


55.3 

56.2 

48.1 
48.1 


87 
73 
72 

74 

74 


78 
88 
90 

94 
96 
102 
106 
112 
112 
118 

120' 

122 

127 

132 

146 

162 

162 
171 
170 
170 
190 
189 


^13 
41 

58 


0.837 
1.769 
1.335 


REMAKK8.— Grate  surfiace  14.07  square  feet;  length  of 
curcttit  of  heated  gases  121  feet  \  height  of  chimney  63 
feet. 


Water  0. 15  inch  bdow  normal  level;  commenced  firing. 

Water  at  normal  level;  wind  NNE. ;  clear. 

Water  0. 2  inch  above  normal  level. 

Wood  consmned,   186^  lbs.;  commenced  charging  with* 

coke, 
^team  beginning  to  blow  off;  filled  tank;  air  plate«  opened 

at  8A.  IdiTk  a.  m. 
Wind  W.,  lightj  clear. 


63 
60 
33 
43 
4.3 
43 
33 


4.3. 
I   43 


188 

124 

160 
150 


50 
48 
28 
43 
18 
16 

23 
33 

48 
26 
36 
38 


2.026 
2. 026 
2.702 

1  311 
2.026 

2  042 
1.391 


2.011 

2.066 

2.74^ 

1.049 

2.649 


1.452 
2.303 
1.722 
2.236 

2.267 

1.854 


Commenced  drawing  gaaes  aXWh*  5m.  a.  m. ;  drew  in  10 
minutes  60  cubic  inches;  which  gave  water,  0.43 
grain;  carbonic  acid,  2. 67  grauit;;  oxygon,  7.66  cubic 
inches. 

Commenced  drawing  gaaes  at  OA.  32//<.  p.  m. ;  drew  in  12 

minutes  80  cubic  inches  \  which  gave  water^    1.03 

grain;  carbonic  acid,  3.76  graiiia;  oxygen,  12.176  cubic 

uichos. 
Filling  tank;  water  0.4  incli  below  level;  lank  liDeU  at  2^. 

10m.  p.  m. 
Drew  (Hit  clinker  from  tire;  gave  off  strong  ^Iphurous 

fumes. 
Commenced  drawing  gases  at  3^  32m.  p.  m.;  drew  in  13 

minutes  100  cubic  inches ;  which  gave  water,  0.82  grain; 

carbonic  acid,  4.86  grauis;  oxygen,  1212  cubic  inche>^ 

Wind  E. ;  clear. 


50  I  2.226    Contents  of  ash  pit  thrown  on  grate;  air  plates  closed;  tilled 
1  j     lank  at  6A.  p.  m. 

—  9         -       Water  in  boiler  1.9  inch  above  nonnal  level;  damper  re- 

duced to  3  itt^ies.  % 

— 18         -      File  on  grale;  water  in  faoikr,  2.7  inches  beUw  oaraal  laviL 

—  2         -      Water  in  boiler  adjusted.  


RE8IDUA. 


bdikd  bridge 
Total  ^v^*'  and  mAm 


„  t 


Tfltel 


frtMcoke 


Pounds. 
71.25 
110.25 
9.30 

190.80 
0.571 

I90.22> 

3»; 


10 
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TABLE  xtn;— 

t 

Third  trial — tcpper  damper  5  inches  open; 


TEKPXRATUBXS  OF  THE 

■ 

« 

.S 

L 

V  1 

Hour. 

1 

Height  of  barometer. 

Height  of  manometei 

• 

s 

.S- 

V 

> 

Height    of    water 
syphon. 

Weight  of  water  su 
plied  to  boiler. 

Weight  of  chftrges 
coal. 

Date. 

1  Open  air  entering 
1      below  ash  pit. 

Wet    bulb    ther- 
mometer. 

Air  enteruig  back 
of  grate. 

Gas  entering  ehim  • 
ney. 

• 

«^ 

Steam  in  boiler. 

Attached       ther- 
mometer. 

A.  m. 

June SO 

A.  M. 

5.15 

60 

54 

210 

210 

76 

219 

- 

30.32 

0.376 

6.80 

0.18 

- 

- 

6.00 

62.5 

56 

194 

280 

76 

224 

"" 

30.32 

0.510 

5.46 

0.20 

^^ 

87.25 

6.30 

63 

56 

194 

#  •  •  #b 

218 

A  •  #  •  • 

76 

228 

- 

30.32 

0.532 

5.25 

0.18 
0.25 

- 

104.00 

7.00 

64 

58 

200 

270 

76 

235 

^ 

30.34 

0.547 

5.10 

7.30 

68 

60 

202 

255 

76 

229 

~ 

30.34 

0.545 

5.12 

0.18 

247 

109.50 

8.00 

70 

62 

213 

258 

72 

228 

. 

30.35 

0.637 

5.20 

0.20 

247 

— 

8.30 

72 

64 

214 

262 

72 

229 

~ 

30.36 

0.541 

5: 16 

0.20 

852 

84).  00 

9.00 

74 

65 

225 

260 

72 

230 

- 

30.36 

0.538 

5.20 

0.22 

1192 

- 

9.80 
10.00 

75 
76 

65 
66 

228 
242 

'255 
270 

72 

72 

230 
232 

- 

30.36 
30.. 36 

0,538 
0.556 

5.20 
5.02 

0.18* 
0.30 

148^ 
1902 

88.00 

88.75 

10.30 

75.5 

65 

246 

285 

72 

232 

— 

30.36 

0.652 

5.06 

0.23 

2964 

— 

11.00 

80 

66 

256 

280 

72 

231 

— 

30.37 

0.546 

5.12 

0.23 

2752 

93.75 

11.30 

80 

66 

268 

284 

72 

232 

- 

30.37 

0.544 

5.14 

0.22 

3172 

83.25 

p.  M. 

e.oo 

81 

66 

276 

290 

72 

232 

^ 

30.37 

0.549 

5.10 

0.27 

8497 

. 

0.30 

80 

66 

288 

300 

72 

230 

.. 

30.36 

0.554 

5.04 

0.28 

3827 

— 

1.00 

82 

67 

302 

260 

72 

231 

~ 

3»»34 

0.533 

5.24 

0.22^ 

4245 

101.76 

1.30 

83 

67 

314 

290 

73 

231 

— 

30.34 

6.546 

5.11 

0.28^ 

4495 

mm 

S.00 

84 

67 

308 

824 

77 

232 

— 

30.34 

0.556 

5.02 

0.88  '4672 

160.75 

2.30 

85 

68 

318 

295 

78 

S31 

— 

30.32 

0.586 

5.20 

0.27 

5585 

90.75 

3.00 

83 

67 

318 

300 

78 

231 

_ 

30.32 

0,548 

5.10 

0.30 

6022 

— 

3.30 

83 

66  1 

324 

290 

78 

230 

#  •  •  • 

— 

30.82 

0.542 

5.16 

0.29 

6535 

118.50 

4.00 

89 

69 

34S 

270 

78 

231 

30.81 

0.536 

5.22 

0.25 

6975 

5.30 

82 

67 

380 

230 

78 

228 

- 

30.81 

0.508 

5.50 

0.20 

7699 

t    " 

June21 

A.  M. 

5.00 

58 

55 

242 

205 

77 

227 

«, 

30.28 

0.510 

5.48 

0.20 

7702 

^ 

5.35 

63  < 

58 

228 

198 

77 

220 

^ 

30.28 

0.4G2 

6.02 

0.20 

8284 

-  \ 

Period  of  steady  action,  6A.  15m.,  (from  9A.  15t».  a.  m.  to  3A.  30m.  p.  A.;)  coke  supplied  t» 
grale,  671.5  R)8.{  waler  to  boiler,  5, 198  lbs. ;  hence,  the  water  to  1  of  ooke  m  for  this  time,  7.T01. 
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air  plates  open  !  steam  thrown  into  chimney. 


a 


^4. 


a. 
o 


I 


k.  m. 

6.30 
7,30 

9.15 


9.50 

11.90 
11.30 


1.90 

SUN) 
S.20 

3.30 


s. 


■A 


s 

I 


s 


o 


•3  bo 


48.1 
60.2 
49.8 


53.2 
54.3  I 
56.9 
59.3 
60.1 


59.5 

69.0 
49.3 
58.9 

58.5 
58.9 
59.8 
99.4 
59.0 
60.3 
59.4 
57,5 


150 

131.5 

131 


«"*       ^v       ^ 

111 


136 
134 
143 

\  142 
151 

153 


166 

170.5 

176 

188 

195 
208 
220 
231 
224 
283 
235 
241 


—  2 

+  6 
—10 

4-85 
26 
SO 
33 
30 


59.1 
^.8 

52.2 
64.0 


253 

298 

184 
165 


25 

38 
53 
49 
52 

56 
70 
29 
59 
^2 
64 
69 
60 


S  3 

3    OB 

a  c 

HI 


REMARKS.— Grate  sui&ce  14.07  square  feet;  length  of 
circuit  of  heated  gases  121  ^t;  height  of  chimney' 63  feet. 


1.309 

1.603 
1.801 


1.536 


2.225 

1.759 

2.744 

1 2.225 

1.722 
1.748 
2.215 
1.325 

2.755 
2.580 
2.718 


39 
2 

—22 
^--22 


2.231 


Water  in  boiler  0.1   inch  above  normal  level;  wind  E., 

dear;  commenced  firing. 
Wood  consumed,  85.75  Ibe. ;  commenced  chaiging  with 

coke;  steam  at  equilibrium. 
Second  weight  placed  on  safety  valves  for  a  few-  minutes, 

then  removed;  air  plates  opened. 
Second  charge  all  fine.  , 

Filled  tank.  ^ 

Wind  NE.,  clear. 


Wind  W.;  sun  shining  occasionally;  douds  moving  from 

SSW. 
Dew  point,  by  observation,  57^;  fi^  and  sixth  charges  in 

lumps. 

Commenced  drawing  gases  at  11  A.  42m.  a.  m.;drew  in  14 
minutes  100  cubic  inches,  which  gave  water,  0.76  grain; 
carbonic  acid,  4.17  grains;  oxygen,  14.44  cubic  inches. 

Ninth  charge  fine;  tenth  charge  do. 

Fillmg  tank  commenced  at  \h*  36m.,  eonduded  at  2 A. 
15m.;  wind  £.;  clear  at  2A.  dOm. 

Twdfth  charge  fine. 

Contents  of  ash  pit  throfwn  on  grate;  air  plates  dosed. 
Water  1.5  inch  above  level;  damper  set  at  3  inches. 

Water  0.9  inch  bdo>«r  normal  levd. 
Water  in  boiler  adjusted. 


Clinker       - 

Aabes 

Allies  firom  behind  bridge 

Total  eiinker  and  aahes 
Dodhxt  wood  vdies  - 


Total  waate  of  coke 


RESIDIUA. 


Pounds, 
52.50 
161.75 
9.04 

223.29 
0.263 

223.027 


Coho 


61.00 
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TABLE  XLIII,— 
Fourth  trial — vpper  damper  5  inches  open  ;  air 


■™ 

PIBITDIE*  or 

... 

^     1^ 

k 

•b 

D>to. 

Hour. 

1 

O 

1. 
ij 

■a 

s 

.5 

1 

i 

■s 

^  i 

1 
A 

8^ 

1 

,i 

.c 

t 

1 

1 

1 

r 

1 

~  ;  h.  ra. 

"■ 

June  31 

5.35 

63 

68 

77 

sso 

30.38 

U.4S2 

6.03 

0.30 

6.08 

68 

60 

77 

336 

- 

30.28  1  0.620  1  6.Sb 

0X6 
0.35 

* 

89.00 
95.75 

e^w 

65 

59 

77 

S3S 

"■'1' 

30.38  lO.W 

5.38 

7.15 

05 

80 

76 

239 

30.39  1  0.64B 

0.26 

168 

•5.7S 

8.00 
8,30 
9.00 

74 

75 

6* 

65.5 

66 

73 
73 
73 

330 
330 

- 

30.39  ,  0.549 
30.39    0.544 
30.29    0,638 

5.10 
5.14 
5.80 

e,36 

168 

I«1.7S 

'o!36 
0.36 

985" 
1398 

""i" 

O.SO 

78 

65 

73 

330 

30,38     0.544 

5.14 

0.3^ 

1653 

94.00 

10.00 

79 

6G 

73 

330 

30.37  !  0.664 

5.04 

0.39' 

1998 

9S.6I 

10.30 

81 

66 

73 

S30 

30.27  1  0.544 

5.14 

0.38 

3403 

81.00 

11.00 

■81 

65 

73 

330 

30.37  ,  0.644 

5.14 

0.36 

3748 

11.30 

81 

65 

73 

331 

- 

30,36 

0,544 

5.1* 

0.3T 

3143 

95.  S5 

0.00 

93 

65 

74 

333 

. 

30.3i 

0.552 

6.06 

0.37 

3633 

0.30 

66 

68 

74 

331 

- 

30.25 

0,540 

6,17 

0.2B 

42* 

89.50 

1.00 

84 

67 

75 

33S 

30.35 

0.660 

4.98 

..,, 

4731 

93.75 

1.30 

84 

67 

78 

333 

30.34 

0.554 

5.04 

0.!» 

5083 

3.10 

86 

fl9 

79 

330 

30.31 

0,530 

5.38 

0.23 

6735 

97.50 

3.30 

90 

70 

79 

330 

- 

30.31 

0,538 

5.30;  0.34 

59G5 

- 

3.00 

BB 

72 

79 

330 

- 

30.21 

0.638 

5.00 

... 

6393 
6463 

9G.8& 

aso 

S.15 

93 
81 

73 
71 

79 
79 

329 
338 

..._.. 

30,20 

30.17 

0.630 
0.513 

5.38 
6.40 

0.31 

775l' 

....... 

June  as 

6.0S 

T8 

73 

79 

222 

. 

30.13 

0.456 

6,98' 0.18 

7751 

_ 

6.85 

- 

" 

80 

216 

" 

30.13 

0.388 

...,j  - 

8338 

" 

Ttte.  period  of  steadj  action  ii  from  Sk.   I5rn.  s.  m.  to  3A.  35ni.  p.  m.=:lk-  lOm, ;  coke  n^ 
'  plied  to  gTBtr,  73B.751bs.;  watertobotlot,  6,607.4  Iba.;  hence,  watf r  (o  1  of  coke,  7,59  Iba. 
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tiATUBAL  COKE. 

platej  closed,  and  steam  Ikrtywn  titjtt  qf  back  valve. 
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* 

1 

i! 

. 

Is 

j 

i 

REMARKS.— Goto  surlace  14.07  .quue  feel;  length  of 

■] 

i 

circuit  of  bested  gawa  181  teetj  heigihl  of  chim(»f  63  bet. 

t 

i 

! 

m 

P 

s    ^ 

h.m. 

540 

186 

—as 

CoiDDienced  firing;  kindled  fire  in  small  furnace. 

6.08 

54.3 

144 

+  15 

- 

cbarging  wilh  rake- 

6. 36 

54.  is 

""ui" 

—  4 

Steab  blowB  off. 

7.15 

5S.4 

136 

+39 

0.668 

■Wind  SE. 

- 

59.9 
60.9 
61.3 

149 
168 
172 

30 

- 

Filled  lank. 

9.13 

36 

30 

1.731 

'      T" 

2,188 

9.10 

58.1 

176 

38 

1.861 

10.00 

57.8 

183 

55 

1801 

Wind  NE.i  clear. 

10.60 

58.5 

I»4 

38 

a.  178 

M.8 

S06 

51 

I.S38 

11.30 

68.  S 

194 

59 

3.093 

Commenced  drawing  gases  al  Uh.  36m.  a.  ni.;  drew  in 
16  minutes  luD  cubic  inches  which  gave  of  water  0.90 

58.8 

817 

63 

a  598 

grain,  carbonic  acid  8.31  grains. 

0.30 

S0.9 

S32 

51 

3.048 

Commenced  drawing  gana  again  al  OA.  38m.  p.  m.j  drew 
inlSminnlOTlOlcuticinchec^  which  gave  waler  1.17 
grain,  carbonic  acid  5.44  grains,  and  oxygen  14.6S  cu- 

0.60 

69.0 

8S4 

46 

3,771 

bic  inches. 

H.0 

S7e 

43 

CommencedfiUingtanUht  lA.  13m,;  eoncludedatSA.  65n). 

8.56 

01.8 

998 

43 

2.8E7 

p,  m. 

- 

•1.9 

303 

5* 

1,907 

ouncea. 

- 

86.8 

333 

38 

1.738 

3.SS 

68.9 

"sis' 

303 

87 
20 

oVaiti' 

Canleots  of  aah  pit  thrown  on  grate. 

"—J- 

Water  in  boiler  1.3  inch  above  normal  level;  damper  re- 

duced D)  3  inches. 

89.6 

13S 

—44 

Water  in  Boiler  1.3  inch  balow  normal  level,  cloudy. 

■    - 

- 

Water  in  boiler  adjusted. 

CGnkcr  ..  ^  --.-..  -     67.76 

AAea    ■         -  .  '-  -  -  -/  -  -  -  117.35 

Aibn  behind  bridge  - 3-88 

'  133,88 

Deduct  wMd  adies      - '      -  -  -      0.803 

Total  wasts  &om  cosJ  •  ...----  -  183.617 

Coke-  -         ■ *  -  -  -     48.00 

SoM  {4  burnings)        ■  -  -  -  -  -'-  -  -     tl-6 
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TABLE  XLIV.— DEDUCTIONS  FtlOM 

I 

Exptfiinents  ofi 


1 

2 
3 

4 
5 
6 

7 
8 
9 
10 

1 

[2 
13 
14 

5 
16 

7 
18 

19 

20 
21 
22 

23 

24 
26 

26 
27 

28 
29 
30 
31 
32 
.33 
34 
35 
36 
37 
38 
39 
40 
41 

42* 

43 

44 

45 
46 
47 


N^tme  of  the  data  funuifaed  by  the  reipedive  ttbk 


Total  duration  of  the  experiment,  in  hours  •  .  - 

Duration  of  steady  action,  in  hours  ... 

Area  of  grate,  in  square  feet  .... 

Area  of  heated  sur&ce  of  boiler,  in  square  feet 
Area  of  boiler  exposed  to  dir^  radiation,  in  square  feet 
Number  of  charges  of  coke  supplied  to  grate 
Total  weight  of  coke  supplied  to  grate,  in  pounds    - 
Pounds  of  coke  actually  consumed  .  -  -  • 

Pounds  of  coke  withdrawn  and  separated  after  trial  - 
Mean  weight,  in  pounds,  of  <me  cubic  foot  of  coke  - 
Pounds  of  coke  supplied  per  hour,  during  steady  action 
Pounds  of  coke  per  square  foot  of  grate  surface,  par  hour     - 
Total  waste,  ashes  and  clinker,  from  100  pounds  of  coke     - 
Pounds  of  clinker  alone,  firom  100  pounds  of  coke  • 
Ratio  of  clinker  to  the  total  waste,  per  cent 
Total  pounds  of  water  supplied  to  the  boiler  -  ^ 

M6an  temperature  of  water,  in  degrees  Fahrenheit  - 
Pounds  of  water  supplied  at  the  end  of  experiment,  to  restore 
level     -----.- 
Deduction  for  temperature  of  water  supj^iad  at  end  of  experi- 
ment, in  pounds  .    ■        .  .  ^ 
Pounds  of  water  evaporated  per  hour,  during  steady  action  - 
Cubic  feet  of  water  per  hour,  during  steady  action   - 
Pounds  of  water  per  square  foot  of  heated  surface  per  hour, 
by  one  calculation          ..... 
Pounds  of  water  per  square  foot,  by  a  mean  of  several  obser- 
vations             -            .    ^      . 
Water  evaporated  by  1  of  coke,  from  initial  temp,  (a)  final  result 
Water  evaporated  by  1  of  coke,  from  initial  temp,  (b)  during 
steady  action      .».•-. 
Pounds  of  ^el  evaporating  one  cubie  foot  of  water  - 
Mean  temp,  of  air  entering  bek)w  ash  pit,  during  steady  pres- 
sure     •            •            -            -       .     - 
Mean  temp,  of  Wet  bulb  thermometer,  during  steady  pressure 
Mean  temperature  of  air,  on  arriving  at  the  grate 
Mean  temperature  of  gases,  when  arriving  at  the  chimney    - 
Mean  temperature  of  steam  in  the  boiler     ... 
Mean  temperature  of  attached  thermometer  ... 
Mean  height  of  barometer,  in  inches  ,         -  -  « 
Mean  number  of  volumes  of  air  in  manometer     ^     - 
Mean  height  of  mercury  in  manometer,  in  atmospheres 
Mean  height  of  water  in  syphon  draught  gauge,  in  inches     - 
Mean  temperature  of  dew  point,  by  ^culation 
Mean  gain  of  temperature  by  the  air,  before  itachmg  grate    - 
Mean  diflerence  between  steam  and  escaping  gases  - 
Water  to  1  of  coke,  corrected  for  temp,  of  water  in  dstem    - 
Water  to  1  of  coke,  from  212**,  conected  for  temperature  of 

water  in  cistern  -  -  - 

Pounds  of  water,  from  212^,  to  1  cubic  foot  of  coke 
Water,  from  212^,  to  1  pound  of  combustible  matter  of  the 

fuel 

Mean  pressure,  in  atmospheres,  above  a  vacuum 

Mean  pressure,  in  pounds  per  sq.  inch,  above  atmosphere    - 

Condition  of  the  air  plates  at  the  furnace  bridge 

Inches  opening  of  damper,  (U.  upper,  L.  lower)     - 


IftTriaL 

SdTiiaL 

(Table  2L.) 

• 

(Titta  nX) 

Jam  17. 

June  19^ 

29.5 

24.0 

4.76 

7.667 

14.07 

14.07 

377.  S 

377.6 

18.75 

18.76 

10.0 

13.0 

933.25 

1183.25 

901.6 

n44.26 

31.75 

39.0 

46.662 

45.61 

141.89 

106.64 

10.08  . 

*       7.672 

19.70 

16.624 

4.8597 

6.2076 

24.668 

37.839 

6620.0 

8973.0 

76°.  0 

76°.  8 

1640.0 

laiss.o 

217.0 

176.0 

781.68 

746.238 

12.5 

11.92 

2.07 

1.974 

2.15 

1.991 

7.1026 

7.688 

5.508 

6.993 

8.7996 

8.1296 

75«'.54 

78°.0 

650.07 

62°.45 

292°.  57 

207°.4l 

250°.21 

i272°.82 

232°.  1 

232°.0 

r73°.0 

76°.0 

30.031 

30.246 

5.093 

6.  Ill 

0.5482 

0.6462 

0.3325 

0.2421 

\    59°.  78 

680.23 

217°.03, 

129°.4l 

21°.7 

38^.26 

7.0575 

7.6643 

7.9894 

8.7038 

372.8 

396. 1 1 

9.9494 

10.4296 

1.4384 

,1.4366 

6,4739 

6.4462 

Closed. 

•  Open. 

U.     10     1 

U.     10 

%^l 
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TABUE8  XL,  XLI,  XLII,  XUIL 
noiural  coke. 


.  4th  Trial. 


) 


90. « 

6.35 
14.07 
879.6 
\Mb 
12.0 
1146.25 
1085.35 
61.0 
47.7604 
107.44 

7.6361 
20.55 
4.BS8 
23w517 
8204^ 
74«.7 

6W0 

77.0 
831.68 
13.307 

2.203 

2.177 

7.1 


7.741 
8.265    ' 

77*.58 

263<'.44 
ti79<>.83 
830^.0 
70*».O 
30.349 
5. 1272 
0.545 
0.2654 
50^.45 
1850,01 
550.23 
7.6387 

8.5414 
407«94 

10.7507 
1.4828 
6.383 
'    Open. 
tJ.     5 


25/0 
7.166 
14.07 
877.5 
18.79 
12.0 
1121.0 
1078.0 
43.0 
46.7088 
103.001 
7.327 
16.071 
5.3636 
31.418 
8338.0 
750.4 

08T.O 

76.0 
782.601 
12.92 

2.073 

2.114 
7.064 

7.69 
8.165 

79«.68 
650.59 
292<'.7 
2710.35 
280*.  23 
770.0 
30t36 
5.145 
0.5493 
0.-200 
590.0 
2130.17 
450.29 
7.6404 

8.6566 
404.33 

10.426 
1.4809 
6.3634 

ClcMied. 

U.     5    • 


A^eragem 


Remarks.* 


43J6675 
46.6602 
114.74 

8.1538 
18.461 

5.8134 
29.2355 


785.275 
12.562 

2.08 


7.504 


6.968 
8.3373 


2640.03 
268O.302 


0.275 

1860.38 
400.12 
7.4752 

8.4728 
305.295 

io:88§ 

1.4346 

6.4166 


In  the  third  ihal^  with  the  upper  damper  draam  but  5 
indiei^  and  U10  air  platee  open,  the  coke  anbvnit  in 
61  lbs.;  while  with  the  dunper  drawn  10  inohei^ 
and  air  plates  closed,  the  quantity  is  but  31.75  Iba. 


The  opening  of  the  air  plates  appears,  frf  m  the  43d 
Hne,  to  have  produced  a  beneficial  effect,  whether 
,  the  damper  was  drawn  ta  the  ^atance  of  10,  or  OQlj 
to  that  of  .6  inches. 
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No.  10. 
n&riijimd  coke  from  Midioihian  coaly  procured  Jor  use  in  the  navy  yard. 

This  fuel  was  produced  by  coking  in  a  pile,  on  an  open  coke  bearth, 
at  the  navy  yard,  16,190  pounds  of  coarse,  and  6^90  pounds  of  fine  Mid- 
lothian  coal ;  the  latter  being  used  as  a  covering  for  the  fcmner,  wliioh 
was  piled  loosely  together/  in  an  oblong  pile  15  or  0Q  feet  long,  6  feel 
wide,  and  4)  high,  with  suitable  air  passages  leading  to  chimneys  formed 
at  three  points  in  the  length  of  the  heap.  The  coking  process  was  coq« 
ducted  slowly,  lasting  fifteen  days.  Thisrvas  intended  to  avoid  the  waste 
of  any  portion  of  fixed  carbon,  and  to  yield  a  coke  which,  though  it 
would  undergo  no  further  change  of  form  while  in  combustion,  would 
still  give  a  flame  of  some  activity. 

From  the  above  amount  of  22,280  poumk  of  coal,  there  were  iderived 
14,045  pounds  of  coarse  and  3,670  pounds  of  fine  coke.  Had  the  coarse 
coke  been  to  the  whole  weight  only  in  proportion  as  the  coarse  coal  was 
to  its  whole  weight,  there  would  have  been  13,018  pounds  in  the  coc^rse 
state.  This  proves  that  1,017  pounds  of  coarse  coke  had  been  produced 
out  of  the  fine  portion  of  the  coal.  The  loss  of  weight  on  the  whole  was 
4,265  pounds,  or  19.14  per  cent.  The  finer  portion  round  the  edges  of 
the  heap,  and  some  few  lumps  near  its  exterior,  had  of  course  escaped 
in  part  the  full  efiect  of  the  coking.  But  the  purpose  had  been  completely 
attained,  producing  a  fuel  of  great  strength  and  activity,  and  adapted  to 
purposes  for  which  the  coal  out  of  which  it  was  formed  would  be  inad- 
missible. During  the  coking,  a  considerable  quantity  of  tarry  matter, 
with  som/B  sulphur  and  other  products  of  the  distillation  going  on  within 
the  heap,  were  condensed  about' the  chinks  of  the  clay  covering  placed  on 
the  exterior.  Flame  was  perceived  but  for  a  short  tin^  during  the  ope- 
ration ;  and  I  am  inclined  to  think  that  as  nmch  economy  in  conducting  the 
process  was  'observed  as  would  be  found  practicable  with  boal  of  this 
character. 

The  weight  per  cubic  foot  of  this  coke,  as  deteimined  by  sixteen  trials, 
was  32.734  pounds.  The  average  weight  of  Midlothian  ^^screenecP'  coal 
was  found  to  be  45.722  pounds;  that  of  the  ^^average^*  54.044  pounds; 
and  as  the  coarse  and  fine  potions  employed  to  for^a  the  coke  were  re- 
spectively 721  and  27i  per  cent.,  if  thQ  weights  in  a  cubic  foot  of  the 
mixture  employed  be  assumed  to  have  been  proportionate  to  these  num- 
bers, then  will  the  coarse  coal  in  a  cubic  foot  be  0.7266X^^*722=33.224 
pounds;  that  of  fine,  0.2733x^4.044=^14.806  pounds;  which  makes  the 
cujbicfoot  48.03  pounds;  deducting  19.14  per  cent.,  there  are  left  38.837 
pounds ;  and  from  this,  taking  the  weight  of  a  cubic  foot  of  coke,  32.734 
pounds,  there  is  left  6.103  pounds.  Hence  the  enlargement  of  the  bulk 
by  coking  was  6.103-5-32.734=18.369  per  cent. 

The  space  required  for  stowing  1  ton  is  68.495  cubic  feet.  The  coke  lay- 
some  time  on  tliue  ground  after  being  raked  from  the  heap,  and  a  rain  fell^ 
which  caused  a  complete  saturation  with  moisture ;  20  pounds  lost  by  two 
days'  exposure  in  the  drying  apparatus  9  ounces,  or  2.81  per  ceut. 

The  total  weight  burned  was  1,037  pounds;  and  the  weight  of  ashes 
withdrawn  (exclusive  of  those  from  wood)  was  61.82  pounds;  that  ^f 
clinker  109.75  pounds.  Hence  the  total  waste  is  171.57-5-10.37=16.545 
pel  cent,  of  the  coke  actually  burned. 
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From  the  Midtotfaiau  screened  ooal,  the  total  waste  was  10.31  per  cent.; 
and  from  the  average  coal  of  the  same  mines,  14.82  per  cent.  Hence  the 
waate  (asbe3  and  diakar)  fipom  100  of  the  ndxtnie  of  these  t  wo,  formed 
as  was  that  which  was  subjected  to  coking,  would  have  amounted  to 
13.567.  As  the  coal  lost  19.14  per  ceht  in  coking,  the  remaining  80.86 
parts  hj  weight  of  toke  had  also  13.567  parts  of  earthy  matter,  which  is 
IS.ns  percent  One  pom»l  of  soot  and  dust  was  procured  from  the  flues 
after  burning  this  coke. 

It  took  two  hours  to  bring  the  boiler  into  steady  action,  from  the  time 
the  charging  with  coke  commenced.  When  once  ignited,  it  burns  with 
great  freedom  and  rapidity. 

Upon  a  comparison  of  evaporative  powers,  after  making  in  bo^h  cases 
the  proper  .deductions  for  earthy  matter,  it  will  be  found  that  this  coke 
gave  10.343,  and  the  screened  and  average  Midlothian  eoal  9.85  pounds 
of  steam  from  water  at  212^  to  1  of  combustible  matter.  This  proves  that 
the  fixed  carbon  contained  in  this  coke  had,  weight  for  weight,  a  higher 
evaporative  power  than  the  volatile  ingredients  of  the  coal  which  had 
been  expelled  in  coking.  The  superiority  of  the  coke  combuBtiblt  over  the 
coal  eqmbuitible  is  5.005  per  cent,  of  the  evaporative  power  of  the  latter. 

From  the  column  of  "  remarks''  in  the  following  table,  it  will  be  observ-  ^ 
ed  that  it  became  necessary  in  the  course  of  the  experiment  to  withdraw 
from  the  furnace  a  quantity  of  clinker,  in  order  to  allow  the  combustion  to 
proceed  with  regularity.  ^ 
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REMARKS.— Grgte  mxr&ce  14.07  square  feet;  length  of 
dicait  of  healed  gases  121  ibet;  height  of  chinmrf  ^liset. 


ii.r    I  I 


Commenced  firing  at  6^.  10m.  a.  m* 

Wood  consumed,  882.25  Ibs;  commenced  charging  witfc 

ccike^  steam  allowed  to  escape  by  removing  extra  weight 

at  9A.  10m.  a.  m. 
Damper  reduced  to  8  inches;  filling  taniL    ^     « 

Tank  filled;  water  in  boiler  1.5  inch  below  normal  letel^ 
steam  allowed  to  escape  from  back  valve;  morning' clears 
wind  NW.,  light. 

'Commenced  drawing  gases  at  I  Ih,  52fii.  a.  m. ;  fire  in  good 
action;  drew  in  50^5  minutes  100  culac  inches,  wUdk 
gave  of  water,  0.56  grain;  carbonic  add,  7.44  gtainsf 
and  axygen,  9.167  cubic  inches.  ' 

Wind  SW.,  light 
Wind  W.,  brisk. 

Clinker  removed  fi-om  grate;  commenced  fiHiBg  taak  at 
1^.  50m.  p.  m.,  concluded  at  2A.  40m.  p.  m. 

^IVe&fy  pounds  of  this  coke  was  placed  in  drjuig  s^ 
5     parattis.    The  number  in  the  ha  column  is  here  re- 
peated, because  the  period  is  a  full. hour. 

Contoatsof  ash  pit  thrown  on  grate;  damper  reduced  to  3 

inches. 
Small  weights  removed  from  valves. 


Water  in  boiler  left  at  0. 4  inch  a)x)ve  normal  level;  weather 


beodming  cloudy. 
Water  in  boiler  fimnd  at  0.75  inch  bek>w  normal  level. 


-     I  Water  in  boiler  adjusted 


RESIDUA. 


I  behind  bridge 


.  100.75 
.  '61.76 
.     1.25 


Total  dmker  and  ashes 
Deduct  wood  ashes 


T«td  waste  &«n  cod 
Coke 

Soot  aad  dust  - 


172.75 
1.173 

171.677 


\ 


.     9.5 


-     1.    ' 
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TABLE  XLVI.— DEDUCTIONS  FROM  TABLE  XLV. 


Experiments  on  coke  of  Midlothian  coal. 


Nature  of  the  datt  furnished  by  the  preceding  table. 


Tral. 

(TableXLV.) 


1 
2 
3 
4 

5 
S 
7 
8 
9 
10 
II 
13 
13 
U 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
36 
26 
27 
88 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 


Total  duration  of  the  experiment,  in  hours 
Duration  of  steady  action,  in  hours 
Area  of  grate,  in  square  feet  -  _  - 

Area  of  heated  surface  of  boiler,  in  square  iSset       -       ' 
Area  of  boiler  exposed  to  direct  nuliation,  in  squai^  feet 
Nufl^MT  of  charges  of  coke  soppKed  to  grate      -   - 
Total  weight  of  coke  supphed  to  g^ate,  in  pounds  - 
Pounds  of  c<^e  actuidly  consumed 

Pounds  of  coke  withdrawn  and  separated  aflcr  trial  ... 

Mean  weight,  in  pounds,  of  one  cubic  foot  of  coke  ... 

Pounds  of  coke  supplied  per  hour,  during  steady  action      ... 
Pounds  of  coke  per  aqpiare  foot  of  grate  surface,  per  hoar  -  >  - 

Total  waste,  ashes  ^d  clinker,  from  100  pounds  of  coke   .  .  - 

Pounds  of  clinker  alone,  from  100  pounds  of  coke     ^      - 
Ratio  of  clinker  to  the  total  waste,  per  cent  '    ^     * 

Total  pounds  of  water  supplied  to  the  boiler  .    ^      . 

Mean  temperature  of  water,  in  degrees  Fahrenheit      y^     - 
Polmds  of  water  supplied  at  the  end  of 'experiment,  U>  restore  level 
Deduction  for  temperature  of  water  suppli^  at  end  of  experiment,  in  pounds 
Pounds  of  water  evaporated  per  hour,  during  steady  action 
Cubic  feet  of  water  per  hour,  during  steady  action  ... 

Pounds  of  water  per  square  foot  of  heated  surface  per  hot^  by  one  calculation 
Pounds  of  water  per  square  foot,  by  a  mean  of  several  obserrations 
Water  evaporated  by  one  of  coke,  from  initial  temperature  (a)  final  result    - 
Water  evaporated  by  one  of  coke,  from  initial  temp,  (b)  during  steady  action 
Pounds  of  fuel  evaporating  one  cubic  foot  of  water 
Mean  temperature  of  air  entering  below  ash  pit,  during  steady  pressure 
Mean  temperature  of  wet  bulb  thermometer,  during  st^y  pressure 
Mean  temperature  of  air,  on  arriving  at  the  grate   ~       a    '  **  "* 

Mean  temperature  of  gases,  when  arriving  at  the  chimriey  -  •».  - 

Mean  temperature  of  steam  in  the  boiler    -  .  -  .  - 

Mean  temperature  of  attached  thermometer  •     *,    - 

Mean  hei^t  of  barometer,  in  inches         ^  -        ^  - 

Mean  number  of  volumee  of  air  in  manometer      ^  .  .  . 

Mean  height  of  mercury  in  manometer     -    '        -  -  - 

Mean  height  of  water  in  syphon  draught  gauge,  in  inches 
Mean  temperature  of  dew  point,  by  calculation      - 
Mean  gain  of  temperature  by  the  air,  before  reaching  grate 
Mean  difference  between  steam  and  escaping  gases  ... 

Water  to  one  oC.cokiB»  corrected  for  temperature  of  water  in  cirtem 
,  Water  to  one  of  coke,  from  212^,  corrected  for  temperature  of  water  in  cistern 
Pounds  of  water,  from  212^,  to  one  cubic  foot  of  coke 
Water,  from  212^,  to  one  pound  of  combustible  matter  of  the  coke 
Mean  prewuwi  in  ttmotpheres,  above  a  ▼aeoum    ... 
Mean  preaaure,  in  pounds  per  square  inch*  above  atmoqihere  • 
Condition  of  the  air  plates  at  the  furnace  bridge     - 
Inches  opening  of  daimper  -    ,        - 


' . 


•  - 


Nov.  6. 
24.7 
4.867 
14.67 
377.6 
18.75 
16.0 
1046.5 
1037.0 
9.5 
32.734 
135.676 
9.64a 
16.545 
10.514 
63.546 
7693.0 
41«>.2 
126.9 
19.0 
1031.6 
16.566 
2.788 
2.746 
7.4029 
7.608 
"    8.4426 
47°.9 
41^61' 
192°.e 
801^88 
234^38/ 
43^.06 
30.271 
4.7264 
0.5863 
0.3733 
3P.08 
145<'.0 
70*>.U   / 
7.4689 
8.6818 
282.56 
10.8488 
1.4984 
7.878T 

ClOMd. 

Upp^  8. 


RxNABKs. — ^This  coke  will  be  nhtwwl  to  gfv6  a  giMterrapidi^  of  eta^orafion  ^nkn  mtmof^m 
coals  tried  during  these  experiments.  The  porouanese  of  eoke^  and  the  compaetnesa  of  anthmeitt, 
place  ihem  in  strong  contrast  in  regard  to  fecility  of  combustion,  and  justify  the  preferenoe  (^ibm 
(bttter  &fll  ifa  looomotive  engines;  while  its  bulkineae  precludes  its  adbption  for  s^a  steamers. 

The  great  activity  of  this  ftiel  rebdered  it  neeessary  to  load  the  vahw  with  extra  weights,  to  db- 
viate  foaming,  and  discharge  of  Water  mechanically  mixed  with  the  steam. 
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No.  11. 
Jirtifieial  coke  from  Nejp^  Cumberland  coal. 

The  coke  on  which  this  experiment  was  made  was  part  of  a  quantity 
produced  under  my  direction  from  a  portion  of  the  same  boat  load  of  coal 
ftom  which  the  sample  of  Neff's  coal,  hereaifter  to  be  described,  had  been 
taken.  It  had  lain  for  several  weeks  in  the  yard,  and  was  doubtless, 
-when  taken  to  the  coking  hearth,  quite  as  fully  saturated  with  moisture 
as  the  sample  tried  for  evaporative  power.  By  reference  to  the  descrip- 
tion of  that  coal,  it  will  be  seen  that,  in  the  drying  apparatus  connected 
vith  the  boiler,  it  lost  2.455  per  cent. 

The  coke  heap  was  composed  of  22,340  pounds  o|f  coarse  and  6,160 
poiMids  of  fine  coal.  ^  « 

After  coking  for  ten  days,  it  was  dcawn,  and,  without  being  exposed  to 
any  rain,  was<5arried  while  yet  moderately  warm,  reweighed,  and  housed. 
The  quantity  burned  under  the  boiler  was  taken  immed^iately  to  the 
building  containing  the  apparatus^  and  was  used  on  the  following  day. 

This  statement  may  indicate  that  the  coke  contained  the  minimum  of 
moistuVe — contrary  to  what  happened  in  the  case  of  the  coke  from  Midlo- 
thian coal,  which  contained,  as  proved  on  trial,  2^812  per  cent,  of  moisture. 
The  weight  of  coarse  coke  from  the  above  quantity  of  coal  was  16,770 
pounds,  and  the  fine  6,805.  Hence  the  weight  of  coarse  coke  is  75.065 
per  cent,  of  the  coarse  co,al ;  while  the  tohole  weight  of  coke  is  of  the 
whole  weight  of  coal,  both  coarse  and  fine,  82.719  per  cent. — showing  a 
loss  of  17Ja81«j>er  cent.,  and  proving  that  the  disintegration  of  the  coarse, 
rather  than  the  agglutination  of  the  fine  portions  of  the  coal,  was  the 
effect  of  the  coking.  The  contrary  has  been  shown  to  take  place  with  the 
Virginia  Midlothian  coal. 

By  reference  to- the  accompanying  table  of  the  experiment,  and  to  that 
of  deductions,  it  will  be  observed  that  the  coke  weighed  at  the  rate  of 
31.57  pounds  per  cubic  foot;  while  the  average  weight  of  the  coal  from 
which  k  was  formed  will  hereafter  appear  to  have  been  54.287  pounds  per 
cobic  foot.  Henc^  the  loss  by  coking,  of  17.281  per  cent.,  will  leave  44.907 
pounds  of  coke  from  one  cubic  foot  of  raw  coal.  It  follows,  that  the  en- 
largement of  bulk  has  been  42.25  per.cent. 

Prom  the  account  hereafter  to  be  presented,  it  will  appear  that  the  total 
waste,  in  ashes,  clinker,  and  fine  coke,  from  NefTs  coal,  was,  on  an  average 
of  four  trials,  ia956  per  cent.;  while  from  the  coke  it  was  13.515.  The 
4ifierence,  2.559,  is  18*934  per  cent,  of  the  latter  number,  and  indicate 
the  ratio  of  loss  in  weight  which  the  coal  sustained  in  coking;  but,  as 
l}us  is  greater  than  17.281,  obtained  by  weighing  the  coke,  we  may  infer 
t)iat  more  unbvirnt  matter  passed  through  the  grater  while  burning  the 
cokd,  than  had  escaped  whU«  the  coal  was  under  trial.  The  difference 
is  If  per  cent.  * 

It  appears  that^  during  steady  action,  iStie  draught  gauge,  when  using 
eoal,  with  air  plate  dosed  and  damper  drawn  8  inches,  stood  at  an  aver- 
age haight  of  0*388  ioeb,  bomiiif  IM.a  powsds  of  coal  per  hour,  and 
evworatiag  1,060  pounds  of  water  per  hour;  and*  that  when  using  coke 
wHn  a  like  arrangement  of  damper  and  air  plate,  the  g^i^ge  mwrtiftg 
asci  inch,  the  weight  of  coke  burned  per  h6ur  was  ii8.5  pounds,  and 


the  water  evaporated  was  932  poundfl  per  hour*  Henee  we  have  195.6  : 
118r5  : :  0.388  :  0.363  ;  proving  that  the  amount  of  combustioa  was  very 
nearly  proportioned  on  the  two  occasions  to  the  force  of  the  draught ; 
while  0.388:0.361 ::  1,060;  985,  which  proves  that  the  evaporation  was 
53  pounds  t>er  hour  less  rapid  with  the  coke  than  with  the  cmI,  even  sup- 
posing the  draught  of  the  chimney  to  have  been  the  same  in  both  cases. 
The  cause  of  more  active  draught  during  the  day  on  which  the  coal  was 
burned  may  probably  have  been  the  prevalence  of  a  northwesterly  wind, 
which  generally,  from  the  position  of  the  building  containing  the  appat- 
ratus,  was  observed  to  augment  sensibly  the  foree  of  the  draught. 

On  comparing  the  evaporative  power  of  the  pound  of  coke  with  Chat 
of  the  same  weight  of  Neff's  coal,  it  will  be  observed  that  the  latter  wnB 
9.742,  and  the  former  8.997.  As  the  waste  from  coal  was,  on  the  day  of 
the  first  trial  alluded  to,  11. '2^2  per  cent.,  and  13.515  for  the  coke,  the 
evaporative  power  in  the  unit  of  combustible  matter  in  coal  is  11.044,  and 
in  coke  10.381.  Thus  it  appears  that  the  combustible  matter  in  the  colDe 
is  5.8  per  cent,  less  effective,  pound  for  pound,  than  that  in  the  coal. 

The  comparison  of  this  coke  with  that  from  Midlothian  coal  and  vkk 
the  natural  coke  will  make  it  evident  that  the  evaporative  power  of  the 
combustible  matter  in  each  was  almost  exactly  the  same — ^being  10.381 
for  NefT's  Cumberland  coke,  10.343  for  Midlothian  coke,  and  10.389  for 
natural  coke.'  But  while,  as  just  seen,  the  coke  of  Cumberland  coal  is 
5.8  less  effective  in  its  combustible  constituents  than  the  coal,  in  the  Midl- 
lothian  the  reverse  is  true ;  the  coke  is  5.005  per  cent,  more  efficient  vk  the 
action  of  its  combustible  part  than  the  original  coal  is  in  that  of  its  com- 
pound of  fixed  and  volatile  combustibles.  The  time  requited  by  this  coke 
to  bring  the  boiler  to  steady  action  was  1.166  hour. 

In  the  preceding  article  it  has  been  seen  that  the  Midlothian  coal  lost 
of  its  weight  in  coking  19.14  per  cent.,  and  gained  in  bulk  18.37  per 
cent.  And  as  it  was  found  that,  when  submitted  to  rapid  distillation  in  a 
close  vessel,  specimens  of  the  coal  from  which  it  was  produced  lost  about 
30.2  per  cent.,  it  is  evident  that  of  this  quantity  there  remained  in  the 
coke  11.06  parts.  If  the  water  proved  to  have  been  imbibed  by  the  coke 
(2,81  per  cent,  of  its  weight)  be  added  to  the  apparent  diminution  by 
coking,  it  will  give  21.41  per  cent,  as  the  quantity  of  volatile  matter  ex- 
pelled, leaving  onl^r  8.79  partis  remaining  in  the  coke  when  first  raked 
from  the  heap.  This  is  but  little  more  than  two-thirds  as  much  as  in  the 
natural  coke  already  described,  which,  by  an  average  of  seven  trials,  con- 
tained 12.86  per  cent,  of  volatile  matter.  As  above  stated,  the  Cumber- 
land coal  lost  oiiXu  weight  17.28  per  cent.,  and  gained  mbulk  no  less  than 
42.25  per  cent. 

The  above  results,  which  were  obtained  by  working  on  a  practical  scale, 
may  be  compared  with  those  which  are  known  to  be  realized  in  practice 
by  the  different  modes  of  coking  adopted  in  the  arts. 

1.  By  coking  in  uncovered  heaps  of  coars^  lumps,  (as  at  many  of  the 
iron  works  in  Xsreat  Britain,  France,  and  elsewhere,}  and  only  covering 
up  the  i^ted  mass  when  AiUBe  ceaaes  to  be  emitted.  By  this  process, 
the  loss  in  weight  at  Plypooth  i»  staled  to  be  17,  at  Penny-danran  90, 
and  at  Bowlats  34  per  cent.*    This  last  is,  ao  doubt,  far  greater  than  is 


-^ai 


*  See  Mr.  J.  H.  Alexftnder's  Report  on  the  Hana&otore  of  Iron. 
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necesMuy,  oving  to  the  cheapness  of  coal^  and  the  consequent  neglect  of 
economy  in  the  management  of  the  coking  process.  The  coals  at  Dowlais 
aad  'at  Peim-y^^hNrran  bear  a  strong  analogy  to  that  of  Cnmberland,  but 
have  rather  less  Tolatile  matter.  Highly  bituminous  coals^  coked  in  un- 
covered heaps,  lose  from  55  to  60  per  cent,  of  their  weight,  and  those  of 
medium  quality  from  45  to  50,  abd  those  of  still  lower  bituminousness 
from  30  to  40  per  cent"^  In  all  these  cases,  a  considerable  loss  occurs 
fiom  bmrning  away  some  p<»tion  ef  the  solid  carbon  on  the  exterior  of  the 
beep,  before  the  slack  and  cinders  fte  placed  upon  the  coke  to  extinguish 
the  fire. 

S.  By  coking  in-stacks,  (that  is,  in  well-covered  heaps  of  coal  from  IQ 
to  15  feet  in  diameter,)  as  followed  in  Staffordshire,  coals  of  high  bitu- 
minousness lose  from  50  to  55,  and  those  of  a  drier  nature  from  35  to  40 
percent 

3.  By  coking  in  close  ovens,  the  coal  of  Rive-de-Gier  yields  69  per  cent. 
of  coke,  whereas  by  the  first  of  the  above  methods  it  gives  but  45  or  50. 
In  the  close  oven,  the  gain  of  bulk  is  from  22  to  23  per  cent.  In  the  close 
dren,  highly  bituminous  coals  ^eld  from  65  to  66  per  cent. ;  but  in  the 
open  heap  only  from  40  to  45,  and  this  with  an  actual  diminution  of 
bulk.+ 

4.  By  coking  in  gas  retorts,  the  Deane  coal  of  Cumberland  (England) 
gains  in  bulk  nearly  30  per  cent.,  and  loses  in  weight  25  per  cent. ;  Car- 
isle  coal  nearly  the  same ;  while  Cannel  and  Ca«diff  coals  gain  in  bulk 
SOy  and  lose  in  weight  36.5  per  cent.  Bewick's  Wallsend  coal  loses  30, 
•nd  RusapU's  Wallsend  30.7  per  cent,  by  the  same  process.): 

,  Other  important  particulars,  in  relation  to  this  material,  will  be  found 
ranged  under  the  proper  heads  in  the  general  synoptical  table  of  deduc- 
tions following  this  ob^  of  coals. 


*  See  Leblanc  6t  Walter  MittiUurgie,  Praliqae  du  Fer,  p.  86. 
f  See  Leblanc  6t  Walter  MUallurgie^  Pratiqiie  du  Fer,  p.  47^ 
t  Ure's  Dictionory  of  Arts,  article  Gas-Ugki. 
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TABLE  XLVII.— COKE 
Upper  damper  8  inehea  openf  air  plaiee  cloud j  tkmn 


. 

s 

t- 

•s 

D.tc. 

Hour. 

\ 

■5 

1 

■3 

1 

s 

•as 

r 

.3 

1 

i 
1 

< 

> 

^ 

> 

Ii-  "»■ 

~ 

Oct  31 

alio' 

60 

66 

88 

1. 

73.25  60 

29.96 

0.359 

6.97 

0.26 

- 

913S 

9.S0 

66   " 

60 

142 

3^ 

l63 

330 

62 

29.94  j  0.663 

4.96 

9.M 

67 

<0.6 

158 

360 

63 

331- 

634 

29.91 

0.643 

5.14 

«.35- 

317 

(«.» 

10.10 

- 

^3 

570 

66.25 

10.30 
11,00 

69 
71 

61 
63 

168 
181 

270 
374 

63 
60 

334 
334 

66 

29.91 
29.91 

0.553 
0.5B0 

5.04 

4.98 

0.37 

737 

68.00 
70.15 

0^ 

I  ITS 

11.30 

73 

61 

19| 

378 

60 

334 

SB 

39.90 

0.544 

5.13 

0.36 

1589 

'6LM 

0.00 

W 

65 

213 

286 

60 

334 

69 

39. 8H 

0.544 

5.12 

0.37 

SA93 

SS.S5 

0.30 

76 

6« 

319 

380 

60 

334 

71 

39.  SB 

0.543 

6.1410.33 

U18 

57.0t 

1.00 

78 

66 

330 

380 

60 

333 

73 

30.87 

0.531 

6.36;  0.S2 

3113 

68.25 

1.30 

78 

67 

340 

384 

60 

334 

73.5 

39.84 

0.j43 

5.14  0.35 

3534 

ei.oif 

s.oo 

79 

67 

263 

60 

233 

74 

29.83 

0.51! 

5.16,  0.37 

4032 

M.M 

3.30 

eo 

67.5 

35S 

386 

61 

334 

74 

39.83 

0.536 

5.20  0.36 

4357 

64.76 

3.00 

80 

67 

264 

383 

333 

76 

39.83 

0.644 

6.12  0.38 

4838 

64.S0 

3.30 

«0- 

6« 

370 

393 

63 

334 

76 

39.8! 

0.643 

5.14I  0.37 

6(34 

68.7) 

4.30 

eo 

68 

S84 

S66 

66 

333 

75 

29.81 

0.635 

5.22J  0.38 

C3S9 
6734 

7S.» 
66.iS 

6.00 

»»■■ 

68 

MS 

■368 

66 

233 

is" 

29!  80 

0.530 

5.26  0.30 

S.19 

,. 

67 

SOB 

344 

66 

331 

76 

29.80 

0.610 

6.48,  0  28 

70U 

■■"■_-; 

7.  IS 

,. 

64.6 

399 

335 

66 

331 

73 

39.81 

0.519 

5.38  0.34 

70U 

7.35 

'» 

B5 

390 

318 

66 

330 

73 

».«■ 

O.SIO 

5.47  0.23 

7449 

0«t.  33 

s!30 

s. 

50 

200 

196 

66 

338 

66 

39.71 

0.503 

5.53  0.18 

7449 

e.IB 

" 

61 

197 

194 

66 

335 

66 

».,0 

0.456 

..y.> 

7866 
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thrown  into  chimney^  and  small  furnace  in  action. 
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g 


I 

«f 


A.  m. 


9,30 

9.4S 

9.67 

10.12 

;0.35 


11.14 

IMfi 
O.ll 
0.59 
1,33 
1.53 
J.87 
3.50 
3.30 
3.48 

4.33 


"8 


.11 


g. 


62.4 

56.7 

65.9 

55.6 

58.1 

59.3 

60.1 
60.6 
59.8 
61.6 
61.1 
61.5 
60.7 
62.4 
63.4 


62.4 

61.1 
58.1 

59.3 

55.0 

56.9 


bo 


t 


S  " 


8|  § 


to 

.5 


28 
76 

39 

111 

123 

138 
143 
152 
162 
173 
178 
184 
190 
204 


4-20 
29 
36 


202 

219 
219 

214.6 

133 

130 


44 

52 
46 
47 
50 
65 
62 
50 

59 
33 


36 

13 
—  6 

—112 

—32 

—31 


1.679 
1.669 


40  2.305 


2.183 

2.665 
2.257 
3.147 
2.236 
2.686 
1.245 
3.078 
3.168 
2.371 


2.146 


REMARKS.— Grate  surface  14.07  square  feet;  length  of 
circuit  of  heated  gases  121  feet;  height  of  chimney  63 
feet. 


Water  0. 15  inch  below  normal  level. 

Lighted  fire  in  small  furnace  afler  set  of  observations; 

commenceil  Bring  at  bh*  48m. 
Wood  consumed,  58L75  lbs.;  commenced  charging  with 

coke. 
8t|^jn  allowed  to  blow  off  at  9A.  40 w.;  damper  set  at  8 

inches  at  9A.  54wi, 


Wind  SW.,  brisk;  clear;  filled  tank  at  107<.  33»j.  a.  m.; 
steam  allowed  to  escape  at  back  valve. 


Contents  of  ash  pit  thrown  on  grate. 

Water  in  boiler  left  at  0. 76  inch  above  no.rmal  level. 
Water  0.7  inch  below  normal  level;  closed  damper  to  4 

Jnclies. 
Water  in  boiler  left  at  0. 18  inch  above  normal  level;  back 

valve  double  weighted. 
Water  found  1.03  inch  below  normal  level;  some  fire  <m 

frate. 
Water  in  boiler  adjusted. 


CSuker 

AAm 

AihM  btbaid  bridge 

Total  cliiiker  and  ashes 
Dedoct  wood  adies 

Total  waste  of  coke 

Coke 

Boot  and  dost 


RESIDUA. 


.   / 


36.75 
94.50 
4.135 

134.  .^75 
1.749 

132.636 
16.00 


1.50 


11 


r 

I 
I 


[  386  ] 


162 


TABLE  XLVIII.— DEDUCTIONS  FROM  TABLE  XLVH. 

Experimenia  on  coke  of  NeJPa  coal. 


Nature  of  the  data  furnished  by  the  preceding  table. 


1 
3 

3 

4 

6 

6 

7 

8 

9 

10 

U 

12 

13 

14 

16 

16 

17 

18 

19 

30 

31 

^2 

23 

34 

35 

36 

27 

38 

39 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

48 

44 

45 

46 

47 


Total  duration  of  the  experiment,  in  hour^  .  .  .  - 

Duration  of  steady  action,  in  hours  .  .  .  •  . 

Area  of  grate,  in  square  feet  -  .  - 

Area  of  heated  surface  of  boiler,  in  squan^  feet        -  .  -  - 

Area  of  boiler  exposed  io  direct  radiation,  in  square  fe^      .  .  . 

Number  of  charges  of  coke  supplied  to  grate  -  «  .  _ 

Total  weight  of  coke  supplied  to  grate,  in  pounds  -  -  -  - 

Pounds  of  coke  actually  consumed  -  -  **         - 

Pounds  of  coke  withdrawn  and  separated  after  trial  -  -  - 

Mean  weight,  in  pounds,  of  one  cubic  foot  of  coke  -  ,  - 

Pounds  of  coke  supplied  per  hour,  during  steady  action       «  .  . 

Pounds  of  coke  per  square  foot  of  grate  surface,  per  hour     -  -  - 

Total  waste,  ashes  and  clinker,  from  100' pounds  of  coke    -  -  - 

Pounds  of  clinker  alone,  from  100  pounds  of  coke  .  .  - 

Ratio  of  clinker  to  the  total  waste,  per  cent      '      - 

Total  pounds  of  water  supplied  to  the  boiler  -  -  _  . 

Moan  temperature  of  water,  in  degrees  I'^ahrcnheit  - 

Pounds  of  water  supplied  at  the  end  of  experiment,  to  restore  level  - 

Deduction  for  temperature  of  water  supplied  at  end  of  experiment,  in  pounds 

Pounds  of  water  evaporated  per  hour,  during  steady  action  -  -  - 

Cubic  feet  of  water  per  hour^  during  steady  action  -  -  -  - 

Pounds  of  water  per  square  foot  of  heated  surface  per  hour,  by  one  calculation 

Pounds  of  water  per  square  foot,  by  a  mean  of  several  observations 

Water  evaporated  by  1  of  coke,  from  initial  temperature  (a)  Anal  result 

Water  evaporated  by  1  of  coke,  from  initial  temp,  (b)  during  steady  action 

Pounds  of  fuel  evaporating  one  cubic  foot  of  water  -  -  -  - 

Mean  temperature  of  air  entering  below  ash  pit,  during  steady  pressure 

Mean  temperature  of  wet  bulb  thermometer,  dnring>^teady  "pressure 

Mean  temperature  of  air,  on  arriving  at  the  grate    -  -  .  - 

Mean  temperature  of  gases,  when  arriving  at  the  chimney  -  -  - 

MeaA  temperature  of  steam  in  the  boiler     -  -  .  -  - 

Mean  temperature  of  attached  thermometer  -  .  -  « 

Mean  height  of  barometer,  in  inches  -  -  .  _  . 

Mean  number  of  volumes  of  air  in  manometer         -  •  - 

Mean  height  of  ihcrcury  in  manometer       -  -  -  -  - 

Mean  height  of  wat«r  in  syphon  draught  gauge,  in  inches  ... 

Mean  temperature  of  dew  point,  by  calculation        -  -  .  . 

Mean  gain  of  temperature  by  the  air,  before  reaching  grate 

Mean  difference  between  steam  and  escaping  gases  -  -  •         .   - 

Water  to  I  of  coke,  corrected  for  temperature  of  water  ia  cistern 

Water  to  1  of  coke,  from  342**,  corrected  for  temperature  of  water  in  cistem 

Pounds  of  water,  from  212^,  to  1  cubic  foot  of  coke  .  .  . 

Water,  from  212^,  to  1  pound  of  cc»nbustible  matter  of  the  fuel 

Mean  pressure,  in  atmospheres,  above  a  vacuum     .... 

Mean  preasure,  in  pounds  per  square  inch,  above  atmosphere. 

Condition  of  the  air  plates  at  the  furnace  bridgei      -  •  • 

Inches  opeiiing  of  damper  --...'. 


Triid. 
iTabU  XLVn.) 

October  n, 

35.133 
6.966 
14.07 
^^77. 5 
18.75 
16.0 
1010.25 
994.25 
16.0 
31.5703 
118.547 
8.427 
13515 
3  5504 
86.6334 
7866.0 
6£o.0 
417.0 
68.0 
931.947 
14.911 
3.469 
3.475 
7.863 
7.86i 
7.9688 
75<>.0 
^5*>.0 
319^57 
376°.  93 
336«.2l 
70<>.36 
39.876 
5.184 
0.5445 
0.8609 
69«,64 
1440.57 
47.91 
7.853 
8.9966 
*384.08 
10.3811 
1.4856 
6.3858 

CUwed. 
Uppers. 


*  It  will  be  seen,  by  a  comparison  of  this  number  with  one  of  the  results  of  Beaver  Meadow  an^ 
thracite  No.  5,  that,  bulk  for  bulk,  this  artificial  coke  is  vefy  nearly  half  as  efficient  as  U^  anthiadte. 


163 


No.  12. 


[  38e] 


Mixture  qf  Beaver  Meadow  anthracite  and  Midlothian  bituminous  coal. 

The  mixture  here  referred  to  was,  in  the  first  trial,  composed  of  two 
charges,  or  4  cubic  feet,  weighing  216  pounds  of  average  Midlothian  coal, 
arid  eight  charges,  or  16  cubic  feet,  of  the  same  sample  of  Beaver  Meadow 
anthracite  from  the  navy  yard,  on  which  some  experiments  have  already^ 
been  detailed,  weighing  870  pounds ;  making  in  all  1,088  pounds  of  mix- 
ture. 

In  the  second  trial,  the  two  charges  of  Midlothian  coal  weighed  217.75 
pounds;  and  the  eight  charges  of  Beaver  Meadow  anthracite  86tf  pounds; 
or  the  mixture  was  1,083.75  pounds.  The  anthracite  was  in  lumps  of 
about  4  inches  in  diameter. 

The  use  of  this  bituminous  coal  does  not  appear  to  have  greatly  accel- 
erated the  action  of  the  anthracite  ;  though,  in  both  trials,  a  charge  of  the 
latter  was  laid  upon  the  grate  before  the  fire  of  wood  was  commenced. 
From  the  time  when  the  wood  was  withdrawn  to  that  when  the  boiler  • 
was  in  steady  action  in  the  first  trial,  the  period  elapsed  was  three  hours 
and  fifty  minutes;  and,  in  the  second  trial,  it  was  two  hours  and  thirty- 
five  minutes.  By  a  reference  tp  the  table  of  deductions,  it  appears  that 
the  weight  of  water,  from  212°,  to  1  of  the  mixed  fuel  burned,  was  8.86; 
while,  from  table  XXXIX,  it  appears  that  the  same  anthracite  alone  gave 
9.079  pounds  of  steam  to  1  of  anthracite.  The  sample  of  "  Midlothian 
average*'  coal  gave  8.29,  as  will  be  seen  on  referring  to  column  16  of  table 
CXCVIII,  and  to  line  41  of  averages,  table  CXXXVII,  in  subsequent 
parts  of  this  report. 

It  will  be  remarked  that  all  the  trials  on  mixtures  were  made  in  the 
earlier  periods  of  experimenting,  when  the  chimney  was  but  41  feet  high, 
and  the  draught  ^as  consequently  much  inferior  to  what  it  afterwards 
became  by  the  addition  of  22  feet.  But  they  are  still  comparable  with 
each  other. 


£  386  ] 


164 


TABLE  XLIX MIXED  COALS— oks-fipth  midlothias 

0 

I 

First  trial — uppe^r  damper  li 


Bate. 


Hour. 


April  17 


ApnllS 


A.  m. 

A.    M. 

7.35 

9.30 

10.25 

11.00 

p.   M. 

0.00 
0.30 
1.30 


2.15 

3.15 
4.00 
4.40 
5.16 
6.00 
6.40 


8.30 
9.15 

A.  M. 

6.30 


TBX/EKATVEES  OF  THS 


Xi 


If 
■3  I 


59 
64 
68 
68 

69.5 

69.25 

69.5 


69 

69.5 

69.5 

68.5 

68 

66 

66.5 


63 


51 


h 

S 

o 


f! 


J 


^1 


4  ^  "S  BS^.'S 


0 

Xi 


< 


.:5 


^  t 

.2 


00 


108  140  60 

116  280|60; 

126  230  60 

-   136  22260' 


i 


148 
156 


23858' 
268  68 


-  i  172  25057 


-  I  200 


250 
290 
324 
360 
370 
375 


320 


-  1  190 


252,58 


236  58 
260.58 
26058 

278158 
276'58 
282*58 


30560 


176  62 
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192J 
226 
228 

228 
229 
229 


229 

229 
229 
229 

229 

228 
228 


230 


210 


Si 

s 

o 

i 


S3 


29.86 
29.8G 
«9.87 
29.87 

29.88 
29.87 
29.87 


3 

S 
o 

s 


29.8V 

29.86 
29.88 
29.85 
29.87 
29.85 
29.86 


0.159 
0.163 

0.166 
0.173 
0.175 


0.181 

0.173 
ai79 
0.183 
0.180 
0.179 
0.183 


29.86 


29.92 


0.196 


S 
Si* 


w     f 


I 


a 
o 
.a 
a. 

.S 


!  ^ 


Id 


9.00 
8.96 

8.94 
8.86 


X 


2 
.1 


Xi 


0.08!  - 

0.15.  - 
0.18 

0.19  - 


0.20, 

0.20 


8.84!  0.20 


8.78!  0.20 


8.86!  0.20 
8.80|0.18 
8.70J  0.22 
8.791  0.21 
8.80:  0.d2 
8.76  0.22 


500 
590 
040 

870 


8.66 


0.30 


0.13 


1580 
2270 
2770 
3370 
3625 
4380 


5205 
6735 

8024 


o 
o 

J 


X3 


10B.75 

108.25 
109.28 

10B«25 
108.25 
109.25 

100,25 


109.26 
109.26 


109.25 


Period  of  steftdy  action,  from  2A.  16m.  to  Kh,  p.  ra.»4A.  45m.;  coal  supplied  to  the  grate, 
327.75  Ibe.;  Water  to  boiler,  2,810  lbs. 
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inchg9  optn ;  aifpla^  removed. 


c 
o 


& 


J2 

s 


& 


h.  971. 

7.35 
10.26 

IKOO 
i.30 
9.\i 


4  00 
4.40 


7.00 


Ml 


0 

•I 
1 

& 

I 


-3 


2 


O) 


O 


•a. 


U    Of 


49 
52 
63 
^8 

78.5 
66.75 
102.5 

181 


180.6 

S^20.6 

256.5 

292 

304 

309.6 


267 


139 


S.     CB 


£ 


be 


—23 

+88 

4 

—  0 

-4-10 
29 
21 

23 


7 
31 
31 
40 
48 
54 


09    fa 


p. 


J 

S| 

S  bo 

II 


REMA3UCS.— Grate  surface  16.25  8<}uarefeet;  length  of 
circuit  of  hfatedgsises  121  feet;  height  of  chimney  41  feet. 


0.572 
1^324 
0.397 

0.ai2 


75 


-54 


1.680 
2.475 
1.986 
.2.724 
0.547 
3.417 


1.213 


jCommenoed  firing;  first  charge  of  anthracite  thrown  on 
behind  wood;  combustion  with  lower  dsunper  open ;  wood 
consumed*  302 j  lbs.;  steam  begins  to  blow  off;  lower 
damper  closed^  and  upper  opened;  smoke  from 'Chimney; 
grrate  well  chained;  filled  tank  at  1  Ih.  35m.  The  anthrar- 
cite  (exc^t  the  first  charge)  and  the  bituminous  coal  were 
mixed  on  the  platfonn,  beifore  being  thrown  on  the  grate. 


>FUledtankatM.  46m. 


>Fire  declining  rapidly,  but  steam  still  blows  off. 
Water  in  the  boiler  adjusted. 


^   RESIDUA. 

Poufuk. 

CUnker 52,00 

Xdie«  -  -  -  -  -  -  -  -  --  38.00 

90.00 
Deduct  wood  ashes      -  -'-  -  -  -  -  -  -     0.927 

Total  waste  firom  coal  -  -  -  -.-  -  -  -  -  89.073 

Coke ..64.75 


o 
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TABLE  L.— MIXED  COALS— on b-tipth  midlothiaji 
Second  l^al — upptr  damper  18 




i 

i 

1 

1 

DaM. 

Hour. 

it 

is 
■s 

n 

1 

* 

1 

"5 

1 

1 

t 
^ 

April  19 

A.m. 
.'7.00 

„. 

. 

IBS 

168 

63 

196 

. 

SO.  16 

. 

. 

0.20 

. 

108.75 

.7 

_ 

184 

S40 

62 

236 

_ 

30  IG 

0.169 

fiOfl 

fl.Sl 

_ 

_ 

9.50 

33( 

t,t 

331 

30.16 

0.176 

H,H4 

O.SI 

108.6( 

10.40  >8 

IIM 

231 

ns 

33t 

30.16 

0.185 

H.74 

11.31 

108.0 

44 

Sfil 

h3 

»3t 

30.17 

0.190 

8  61* 

0.31 

11.50 
0.80 

4S 

49" 

' 

164 

363 

63 

3S» 

' 

30.17 

0.196 

8.04 

0.33 

860 

108.60 

17S 

272 

63 

aat 

30.16 

0.303 

B.6t 

0.33 

605 

_ 

O.SO 

IH.li 

SM 

53 

S3I 

30.16 

0.203 

8,64 

O.Sh 

811 

108.35 

SHII 

SHf 

M 

90.16 

0.310 

848 

H3f 

UK 

3.80  ,60.fi 

24« 

3H» 

63 

S3( 

30.16 

0.S17 

8.43 

n.3» 

IS8I 

108.K 

9. SO  SI 

VH. 

2H< 

64 

331 

30.16 

0.316 

84M 

ti.-ii 

3281 

108.36 

4.00  ISl 

■iVF 

■271 

6U 

3»l 

30.16 

0.306 

KW 

0  3( 

3S6( 

.11 

»it: 

«Hf 

64 

«:« 

30.16 

0.303 

8. VI 

II  3( 

»48l 

108.3J 

8.00 

»l 

»sr: 

snf 

64 

33< 

80.16 

0.300 

8  68 

0.3! 

301)1 

108.« 

SCO 
6.30 

60.!) 
BO 

- 

sao 

3G0 

306 
306 

63 
63 

330 
289 

- 

30.16 
30.15 

0,310 
0.313 

8.48 
8.46 

0.35 

43tib 

108.3E 

0.26 

4716 
6616 

■ 

6.50 1     - 

_ 

_ 

_ 

_ 

ApHiao 

6.30  [47.5 

182 

174 

53 

198 

" 

30.30 

" 

~ 

0.18 

8296 

" 

L.  m.  loOA.  p.  in.  — 6A.  lOn.i  cotl  rapplicd  to  tlw 
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BITUMIHOUS;   AKP   FOUR-FIVTBS   BBATEB   MEADOW   ANTHRACITE. 

inches  open  ;  otir plates  removed. 


g 


A 


7.00 


9.50 
10.40 

11.50 


0.50 

3.20 
3.20 

4.80 
6:30 
6.00 


eg 

'I 

li 
'si 


115.5 

117 
117 
106 
111 
115 


123 

138.5 

180 

197.5 

219 

247 

259 

269 

299.5 


—28 

+  14 

4 

9 

24 

34 


^ 


I 


2- 


9 
O 


310 


134.5 


44 
65 
58 
68 
54 
47 
38 
36 
76 


77 


—24 


0.257 


2.145 
1.086 
1.589 
0.901 
1.854 
3.854 
1.218 
1.589 
0.753 


REMARKS.— Grate  surface  16.25  s(ioare  ftet{  length  of 
circuit  of  heated  gases  121  feet^  height  of  cfahnney  41 
feet. 


Commenced  firing;  first  charge  (all  anthracite)  thrown  be- 
hind wood. 

Wood  consumed,  214}  lbs.;  steam  at  equilibrio;  ash  pit 
doors  opened;  ash  pit  doors  dosed;  steam  blowing  o£ 


FUled  tank  at  5A.  30m. 


Water  in  boiler  adjusted. 


Clinker 

«»SDf08 


REsrouA. 


Total  clinker  and  ashes 
IMnct  wood  adies     • 


Total  waste  firom  coal 


Coke 


Poundt* 
.     49.50 
.     44.25 


..     93.75 
.      i).658 


93.092 
51.00 
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TABLE  LL— DEDUCTIONS 
Experimenis  on  mixed  coal — one^fi/th  Mtdloihum  hitu 


'Nature  of  the  data  furnished  by  the  respective  tables. 


1 

2 

3 

4 

6 

6 

7 

8 

9 

10 

11 

13 

18 

U 

15 

16 

17 

18 

19 

30 
21 
33 

33 

34 

35 

36 
37 

38 
39 
30 
31 
33 
33 
34 
35 
36 
37 
38 
89 
40 
41 

43 

43 

44 
45 

46 
47 


Total  duration  of  the  experiment,  in  hours    - 
Duration  of  steady  action,  in  hours  -  .  .  - 

Area  of  grate,  in  square  feet  •  •  .         i  - 

Area  of  heated  surface  of  boiler,  in  square  feet 
Area  of  Doiler  exposed  to  direct  radiation,  in  square  feet      .    - 
Number  of  charges  of  coal  supplied  to  grate  .  .  - 

Total  weight  of  coal  supplied  to  grate,  in  pounds 
Pounds  of  coal  actually  consumed      .  .  .  - 

Pounds  of  coal  withdrawn  and  separated  after  trial 
Mean  weight,  in  pounds,  of  one  cubic  foot  of  coal 
Pounds  of  coal  supplied  per  hour,  during  steady  action 
Pounds  of  coal  per  square  foot  of  grate  surface,  per  hour 
Total  waste,  ashes  and  clinker,  from  100  pounds  of  coal 
Pouttds'of  ctinker  alone,  from  100  pounds  of  coal 
Ratio  of  clinker  to  the  total  waste,  per  cent  ... 
Total  pounds  of  water  supplied  to  die  boiler  ... 
Mean  temperature  of  water,  in  degrees  Fahrenheit 
Pounds  of  water  supplied  at  the  end  of  experiment,  to  restore  level 
Deduction  for  temperature  of  water  supplied  at  the  end  of  ex- 
periment, in  pounds  -  -  •  -  - 
Pounds  of  water  erapomted  per  hour,  during  steady  action 
Cubic  feet  of  water  per  hour,  during  steady  action 
Pounds  of  water  per  square  foot  of  heated  surface  per  hour,  by 

one  calculation 
Pounds  of  water  per  square  foot,  by  a  mean  of  several  obser- 
vations    ------- 

Water  evaporated  by  one  of  coal,  from  initial  temperature  (a) 

final  result  .--.-- 

Water  evaporated  by  one  of  coal,  from  initial  temperature  (b) 

during  steady'  action  •  .  .  .  - 

Pounds  of  friel  evaporating  one  cubic  foot  of  water     - 

Mean  temperature  of  air  entering  below'ash  pit,  during  steady 

pressure  ------- 

Mean  temp,  of  wet  bulb  thermometer,  during  steady  pressure 
Mean  temperature  of  air,  on  arriving  at  Uie  grate 
Mean  temperature  of  gases,  when  arriviog  atlhe  chimney 
Mean  temperature  of  steam  in  the  boiler        .  -  . 

Mean  temperature  of  attached  thermometer    -  •  - 

Mean  hei^t  of  barometer,  in  inches  -  •  . 

Mean  number  of  volumes  of  air  in  manometer 
Mean  height  of  mercury  in  manometer,  in  atmoqihoreB' 
Mean  height  of  water  in  syphon  draught  gauge,  in  Inches 
Mean  temperature  of  dew  point,  by  cdculation. 
Mean  gain  of  temperature  by  the  air,  before  reaching  grate 
Mean  difierence  between  steam  and  escaping  gases 
Water  to  one  of  coal,  corrected  for  temp,  of  water  in  cistern  • 
Water  to  one  of  coal,  from  313^,  corrected  for  temperature  of 
vrater  in  dstem     ------ 

Pounds  of  water,  from  313^,  to  one  cubic  foot  of  coal 
Water,  from  313^,  to  one  pound  of  combustible  matter  of  the 
mixed  friel  ...... 

Mean  pressure,  in  atmospheres,  above  a  vacuum         - 

Mean  pressure,  in  pounds  per  square  inch,  above  atmosphere  • 

Condition  of  the  air  plates  at  tlM  fomace  bridge 

Inches  opening  of  damper,  (U.  upper)  ... 


Ist  Trial. 

tdl^iaL 

{TtAkXLlX.) 

iTable  L.) 

April  n. 

AprUi9. 

33.916 

33.5 

4.75 

6.166 

16.35 

16.25 

377.5 

377.6 

31.66 

31.66 

10.0 

10.0 

1088.0 

1083.76 

1030.35 

4030.76- 

67.75 

54.0 

54.4 

54.1876 

84.04 

106.318 

5.171 

6.481 

8.7303 

9.04 

5.0553 

4.7711 

57.819 

53.81S 

8034.0 

8395.0 

58<>.0 

63*^.5 

1389.0 

3680.0 

185.0 

»  398.0 

826.15 

651.04 

13.33 

10.416 

3.188 

1:7346 

3.178 

3.665 

7.683 

7.«68 

8.543 

6.181 

8.1848 

8.1506 

68<».386 

50<>;35 

353<'.83 

3740.6 

355°.  64 

3850.9 

338<'.64 

3390.6 

66^0 

480^ 

39.865 

30.156 

8.833. 

8.506 

<K17« 

MOT 

0.3166 

4Umi 

1840.434 

ttMOvM 

370.0 

5«o.8 

7.7138 

7i«88 

8.866 

8.8564 

483.81 

479.85 

0.7141 

8.7355 

1.4193 

1.4531 

6.1903 

6.693 

Removed. 

Removed. 

U.     13 

U.     13 
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PBOM  TABLES  XUX,  L- 

m£noi4fif  and  /onr-fi/ihs  Beaver  Meadow  anthrqcUe. 


AvcAgQt. 


60.8T5 

M.2937 
94.«79 
5.8«6 

-4.0132 
65.8155 


6se:5M 

IliSlS 


7.97M 

7.862 
8.1428 


Remarks. 


The  period  of  steady  action  in  the  first  trial  is,  perhaps,  rather  less  than  that  here 
inatcated.  A  good  deal  of  uncertainty  necoeserily  exists  as  to  the  relation  between 
the  quantity  of  coal  on  the  grate  and  the  water  evaporated,  at  any  aasuroed  period 
of  the 'experiments;  and,  craaaqnantly,  in  regard  to  the  deductions  dependent 
on  those  elements  of  the  calculation. 


4l*;«5 

481^ 

'8(9B48 
Iv4861 
^4411 


No  ebaervatioQAoarthiO  wet  bulb ,then&ometor- were. taken  at  the  peiiod  of  tboM;^^ 
pertments. 


"The^cfoee  apprMnmatldB  of  tivs  two  numbers  in  Itiis  Ime  intbnatei(1he  'dei^ree  of.  re« 
liitiee^irtiidiimy  bftplicod4ivthe?i#stiltvl^ 
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No.  13. 
Mixture  of  Beaver  Meadow  anthracite  and  Cumberland  bituminous  eoaL 

This  mixture  was,  for  the  first  trial,  made  up  of  221.75  pounds  of  Cum- 
berland coal,  taken  from  a  quantity  in  use  in  the  navy  yard,  and  886^ 
pounds  of  Beaver  Meadow  anthracite,  of  Ihe  same  sample  which  has  been 
referred  to  in  preceding  experiments. 

In  the  second  trial,  the  Cumberland  coal  weighed  204.5,  and  the  anthra* 
cite  867.75  pounds.  The  moisture  in  the  Cumberland  coal  was  found  by 
trial  to  be  2.12  per  cent* 

In  each  case  a  charge  of  anthracite  was  placed  on  the  grate  before 
kindling  the  fiire  with  wood ;  the  only  advantage  of  which  was,  that  a 
bed  of  warm  anthracite  was  prepared,  on  which  to  commence  firing  with 
the  mixed  coal  when  the  steam  was  up,  and  the  wood  had  been  with- 
drawn. 

The  mixture  of  these  two  coals  appears,  by  a  mean  of  the  two  trials, 
to  have  brought  the  boiler  to  steady  action  in  two  and  a  quarter  hottrs, 
and  therefore  to  have  been  greatly  superior  to  the  anthracite  alone  in  this 
particular,  as  the  latter  took  5.08  hours  for  that  purpose.  By  a  reference 
to  the  table  LIV  of  deductions ^  it  will  be  seen  that  the  steam  from  212°  ta 
1  of  this  mixed  coal  was,  on  an  average,  9.18  ;  while  for  this  Beaver 
Meadow  anthracite  alone,  it  was  9.079.  From  this  statement,  it  is  evident 
that,  by  the  mixture  of  coal  of  low  bituminousness  with  the  dhthracite  in 
question,  a  considerable  increase  of  activity  in  the  fire  takes  place,  with 
an  augmentation  of  the  total  evaporative  power. 

When  a  coal  of  high  bituminousness,  like  the  Midlothian  of  Virginia, 
is  mixed  with  anthracite,  the  coking  of  the  former  material  agglutinates 
together  not  only  its  own  masses,  but  also  those  of  the  anthracite,  cover- 
ing up  the  surfaces  of  the  latter,  and  preventing  the  easy  access  of  air. 
For  this  reason,  the  fire  becomes  sluggish  in  its  action ;  but,  with  a  free* 
burning  bituminous  coal,  like^  that  of  Cumberland,  the  lumps  scarcely 
cohere  together  in  coking,  and  still  less  do  they  adhere  firmly  to  the  an- 
thracite. And,  as  the  bituminous  part  of  the  mixture^  comes  quickly  to  a 
state  of  ignition,  it  aids  considerably  the  heqiting  up  of  the  anthracite  to 
the  temperature  at  which  its  combustion  can  commence.  This  apcounts 
for  the  more  prompt  and  vigorous  action  of  the  mixture  now  under  con- 
sideration, than  of  that  previously  presented.  Each  ingredient  of  the 
mixture  appears  by  the  experiments  to  retain  its  distinct  evaporative 
power ;  the  Beaver  Meadow  anthracite  alone  being  rather  more  efficacious 
than  its  mixture  with  Midlothian,  and  rather  less  so  than  that  with  the 
Cumberland  coal. 

It  appears  that  on  the  first  day's  trial  the  mean  weight  of  a  cubic  foot 
of  the  mixture  was  55.412  pounds;  but  on  the  second  only  53.612  pounds. 
The  anthracite  separately  weighed  55.406  on  the  first  dav^  and  54.812  on 
the  second.  This  difference  would  be  fully  accounted  K)r  by  supposing 
that  the  anthracite  used  on  the  first  day  was  from  the  Beaver  Meadow 
mine  No.  5,-and  that  employed  on  the  second  from  slope  No.  3  ;  since, 
from  the  tables  at  pages  45  and  61,  it  appears  that  those  two  varieties  differ 
from  each  other  by  rather  less  than  2  pounds  per  cubic  foot ;  the  former 
weighing  the  most,  and  possessing  the  highest  evaporative  power.  From 
the  table  LIV  of  deductions,  relative  to  the  mixture  now  under  considera- 
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tioD,  it  likewise  appears  that  the  first  experiment  afforded  a  result  ia  evap- 
orative power,  as  seen  in  lines  40, 41,  and  43,  superior  to  that  of  the  sec- 
ood;  and  this  superiority  amounts  to  about  2  per  cent. — an  amount  very 
nearly  agreeing  with  the  superiority  of  the  anthracite  of  slope  No.  5  over 
that  from  No.  d. 

It  is  worthy-of  notice,  that  on  the  second  day's  combustion  the  differ- 
ence of  temperature  between  the  steam  and  the  escaping  gases^  was  9.5^ 
greater  than  on  the  first  day. 

As  to  the  rapidity  of  evaporation,  line  21  of  the  table  shows  that  on  the 
first  trial  13.37  cubic  feet  of  water  were  supplied  to  the  boiler  per  hour, 
and  on  the  second  13.56;  while,  with  the  anthracite  alone,  it  is  seen,  by 
table  XXXIX,  that  the  rate  of  evaporation  with  the  same  size  of  grate  and 
the  same  height  of  chimney  was  but  11.142  cubic  feet  per  hour  when  using 
the  first  variety  of  anthtacite,  and  7.709  for  the  second.  Hence  the  aver- 
age gain  of  activity  by  the  mi^ed  fuel  over  the  anthracite  is  ^.04  cubic 
feet  per  hour,  or  nearly  43  per  cent.  By  table  LI,  it  appears  that  the  av- 
erage  rate  of  evaporation  by  the  mixture  of  anthracite  and  Midlothian 
coal  was  11.818  cubic  feet,  and  that  the  gain  on  the  anthracite  alone  was^ 
consequently,  2.393  cubic  feet,  or  20.5  per  cent. 


f 
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TABjLE  LII.— MIXED  GOALS— oinc-nvTS 

First  trial — upper  damper  8 


i«—  ^ 


•W 


Dute. 


ApRliel    6.80 
9.46 


April  16 


Hour. 


10.S5 
11.16 
11.46 

p.  M. 

0.46 
1.30 
2.00 
2.40 
3.30 

4.16 

4.46 
6.46 


0.40 

A.  M. 

7.00 


TEXf  EBATDIIBS  OF  THE 


I.. 

lis 


57 


68 
69 
69 

62 

68.6 

64.6 

66 

66.6 

66.6 

65 
66 


66 


^1 
P 

5  o 


148 


160 
195 
212 

288 
308 
312 
304 
310 

320 

330 
318 


156 


-s 


s 


236 


246 
278 
300 

3601 
272 
260 
270 
296 

292 

280 
280 


180 


.a 


66 


55 


64 
54 
63 

64 
65 
66 
66 
66 

66 

56 
56 


64 


57 


ra 
.S 


;a  ^ 


,j§ 


186 


226 


229 
229 
230 

230 
230 
229 
230 
230 

230 

230 
230 


206 


wm 

s 

o 


•8 
X 


3 


29.95 


29.96 
29.95 
29.93 

29.44 
29.93 
29.93 
29.92 
29.92 

29.92 

29.91 
29.92 


29.96 


0.186 


.6 

•Si 


o 


9 
> 


0.189 
0.907 
0.201 

0.196 
0.183 
0.193 
0.196 
0  205 

0.206 

0.197 
0.186 


8.74 


I 

>% 


o 


8.70 
8.60 
8  48 

8.64 
8.76 
8.66 
864 
8.54 

8.54 

8.61 
8.74 


0.18 

0.21 
0.26 
0.30 


0-25 
0.25 
0.25 
0.26 
0.26 


0.28 

0.28 
0.27 


0.12 


1 

'  o  -^ 

•r 


160 
860 


1655 
2716 
3120 
3290 
8995 


4915 

6216 
6206 

7765 

8630 


ior.^51 

111J5 

U8;i5 
lt«A5 
107 JO 


111.25 
lllJS 
11U5 
injl5 
11UI6 


The  pexiod  of  steady  action  extends  from  lU.  45jn.  a.  m.  to  3A.  30m.  p«  m.  •-  3&I  46m. ;  eofti 
«upptiad  to  grate,  656.26  lbs  ;  water  to  boiler,  3,185  Iba. 


% 
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tn«^«  o^n;  air  plates  removed. 


[  3a«] 


f 


L 


4*  n* 
llM 


. 


•••••««• 


is 


-^     "*     DC 

'^    O    C9 


91 

136 
153 

226 

244.5 

247.5 

239 

244.5 


4-  10 

17 
44 
70 

130 
42 

31 
40 
66 


I 


^  §  ^ 


0  636 
1.605 
1.033 


264.6 

366 
253 


101 


62 

50 
50 


2.370 
3.746 
2.145 
t).675 
2.241 


REMARK8.--Gratc  surface  16.25  square  feet;  length  of  cir- 
cuit ofh^ted  gaaes  121  ffedt;  heigfht  of  chimney  41  feet. 


Commenced  firing?  first  charge  o(  coal  thrown  on  bcbifid 

wood. 
Wood  consumed,  660i-  lbs. ;  steam  blows  oft'. 


3.276 


1.589 
2.357. 


—  26 


Temperature  of  escaping  g^ses,  taken  at  lower  flue,  360°. 

Filled  tank  at  2A.  45m. 

No  smoke  firom  chimney  to-daf ,  afler  the  fire  was  in  good 

action. 
Placed  28  lbs.  of  the  Cumberland  coal  (which  was  wet)  in 

drying  apparatus. 
The  combustion  is  abundantly  rapid.  ^ 

Filled  tank  at  6?t,  50m. 

Left  a  considerable  bed  of -coal  in  good  action  on  grate. 

Water  in  boiler  adjusted. 


BESIDUA. 


Clinker 
Asbes 

ToUl  cUnker  and  ashes 
Deduct  wood  ashes  - 

Total  waste  from  coal 


Pounds. 
34.00  • 
51.50 

85  50 
2.024 

83.476 


C<^ 


56.00 
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TABLE  LIIL— MIXED  COALS— owB-rtFTH 


Second  trial — upper  damper  B 


Date. 


April  18 


April  19 


Hour. 


TEXPKBATURSB  OF  THK 


•I 


A.  N.  I 

8.00  I  - 
9. 15  52 
10.30  (52 
11.30  52 

p.  M. 

0.00  52 


1.00 

2.00 
2.40 
3.10 
3.45 
4.10 
4.45 
5.15 
5.45 
6.00 

6.30 
7.40 


52 

52 

52 

;52 

f52 

'51.5 

jSl 

151 

;50.5 

,50.5 


8.00 
7.00 


49 


46.5 


i 

4> 


g  o 


»■ 

^ 


J 


162 
174 
174 

176 


202 

222 
250 
282 
282 
2l^ 
299 
310 
314 
322 


dio 


162 


S  ►» 

•c  « 

I 


^ 


-  I  56 
250,  66 
S40i  56 
240  56 


.s 

GO 


270 


56 


o 


1§ 


190 
213 
226 
228 


228   - 


290  56 


304 
292 


56 
56 


264;  56 
308  56 
314{  5G 

294  65 
302  55 
288>  55 
286  5i 


284 


168 


55 


62 


229 

229 
230 
229 
230 
230 
229 
229 
229 
229 


229 


196 


29.98 
30.01 
30.01 

30.01 


30.01 

30.02 
30.00 
30.00 
30.00 
30.00 
30.00 
30.02 
30  02 
30.02 


i 

s 

o 

s 

a 


X 


0.169 
0.180 

0.189 


I 

s 

,9 

o 
5 

> 


B 
o 

c 


8.90 
8.79 

8.70 


I 

.2 

w  a. 


«  2 

.fi  IS 
bp  O. 


0.19;       - 

o.2o:     - 

0.1 9j      175 


0. 18      376 


0.203    8.56  0.22i     825 


.1 


112.50 


106 
106.25 

106.25 

106.25 


30.05 


30.05 


0.206 
0.210 
0.191 
0.201 
0.215 
0.203 
0.202 
0.196 
0.202 


8.60 
8.48 
8.68, 
8.78; 
8.43 
8.65 
18.57' 
8.63 
8.56 


0.200 


8.59 


0.26' 
0.25| 
0.20, 
0.27, 
0.3i| 
0.29 
0.25| 
0.25 
0.26 


1875 
2585 
2835 
.3640 
3925 
4410 
4740 
5066 
5065 


5975 
0.28    5976 


0.20 


6160 
8306 


107.00 
107.00 

107.00 

107.00 

106.76 


,i^^)^n^iio"t'^'  ^"^  '^^  •*'  ^'  ""-^  ^"'^^  ^  ""PP"*^  ^  ^"^  ^*-'^5  n», 
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QmSBElthAVD  ^KP  FOUR-FIFTHS  BEAVSR  H£AIH)W. 

inches  open  ;  air  plates  removed. 


a 


e 

o 


4.  m. 
8.00 

10.30 
10.45 

0.00 

1.00 


2.40 
8.10 

4.10 

6.15 

6.00 


ed 

3 


& 


bo 


S 

1^ 


I 


I 


1^ 


a 

O 

8 

c 

I 


S 

2g 


no 

122 
122 

124 

150 


170 

198 

230 

230 

236.6 

248 

259 

263.5 

271.5 


+43 

14 
12 

42 

61 


o  S 


2 


a" 


261 


115.5 


75 
62 
35 
78 
84 
65 
73 
59 
57 


0.464 


1.059 
1.192 


REMARKS. — Grate  surface  16.25  aqnare  feet{  length  of 
circuit  of  heated  gases  121  feet^height  of  chimney  41  feet.' 


Commenced  firing;  "first  charge  thrown  on  back  of  wood. 
Consumed  205  lbs.  of  wood. 
Steam  begms  to  blow  off. 


Grate  well  covered  with  coaL 


55 


—28 


2.781 
2.821 
1.324 
3.655 
1.812 
2.201 
1.748 

1.148 


Little  or^  smoke  seen  at  chimney  top  to-day. 
Damper,  for  the  last  three  hours,  two  thirds  dosed. 


Water  in  huHet  adjusted. 


RESIDUA. 

Cfinker           ...•...-••  41.00 

Adies -            -            -  ^75 

86.76 

Deduct  wood  ashes     -..-----.  0.715 

TeCal  wtste  from  coal             -           -           -           •           -           -,-           -  8^-036 

Coke •            .            .  47.6 
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TABLE  LIV.— DEDUCTIONS 

Experiments  on  mixed  coal — one-fifth  Cumberland 


1 

o 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
•21 

23 

23 
24 


25 


26 

27 

28 
29 
30 
31 
32 
38 
34 
36 
36 
37 
38 
39 
40 

41 

42 
43 
44 

45 
46 

47 


Nature  of  the  data  furnished  hy  the  respective  tables. 


Total  duration  of  the  experiment,  in  hours     -  -  - 

Duration  of  ateady  action,  in  hoars    -  -  -  - 

Area  of  grate,  in  square  feet  .  .  -  - 

Area  of  h^tcd  surface  of  boiler,  in  square  feet 

Area  of  boiler  exposed  to  direct  radiation,  in  square  feet    • 

Number  of  charges  of  coal  supplied  to  grate 

Total  weight  of  coal  supplied  to  grate,  in  pounds 

Pounds  of  coal  actually  consumed    -  •  -  - 

Pounds  of  coal  withdrawn  and  separated  a^r  trial 

Mean  weight,  in  pounds,  of  one  -feulMC  foot  of  coal 

Pounds  of  coal  supplied  per  hour,  during  steady  action 

Pounds  of  coal  per  square  foot  of  grate  surface,  per  hour 

Total  waate,  ashes  and  duiker,  from  100  pounds  of  coal 

Pounds  of  clinker  alone,  from  100  pounds  of  coal 

Ratio  of  clinker  to  the  total  waste,  per  cent.   -  -  - 

Total  pounds  of  water  supplied  to  the  boiler   -  -  - 

Mean  temperature  of  watt*r,  in  degrees  Fahrenheit 

Pounds  of  water  supplied  at  the  end  of  experiment,  to  restore 

level         -         •    - 
Deduction  for  temperature  of  water  supplied  at  the  end  of  ex- 
periment, in  pounds  -  -  -  - 

Pounds  of  water  evaporated  jiR-  hour,  during  steady  action 
Cubic  feet  of  water  per  hour,  during  steady  artion 
Pounds  of  water  per  square  foot  of  heated  surface  per  hour,  by 
one  calculation     ------ 

Pounds  of  water  per  square  foot,  by  a  mean  of  several  obser- 
(Vations     ------- 

Water  evaporated  by  one  of  coal,  from  initial  temp,  (a)  final 
result       -  -  --  -  -- 

Water  evaporated  by  one  of  coal,  from  initial  temp,  (b)  during 

steady  action         -  -  - 

Pounds  of  fuel  evaporating  one  cubic  foot  of  water 
Mean  temperature  of  air  entering  below  ash  pit,  during  steady 
pressure  -  -  -  -  -  -'- 

Me«n  temperature  of  wet  bulb  thermom.,  during  steady  pressure. 
Mean  temperature  of  air,  on  arriving  at  the  grate 
Mean  temperature  of  gases,  when  arriving  at  the  chimney 
Mean  temperature  of  steam  in  the  boiler         -  .  . 

Mean  temperature  of  attached  thermometer     -  -  - 

Mean  height  of  barometer,  in  mches  -  -  ... 

Mean  number  of  volumes  of  air  in  manometer    *        -      .      - 
Mean  height  of  mercury  in  manometer,  in  atmospheres 
Mean  height  water  in  syphon  draught  gauge,  in  inches 
Mean  temperature  of  dew  point,  by  calculation. 
Mean  gain  of  temperature  by  air  before  reaching  grate 
Mean  difierence  between  steam  and  escaping  g^aaes     - 
Watier  to  one  of  coal,  corrected  for  temperature  of  water  in  cis- 
tern        -..---. 
Water  to  one  of  coal,  from  212°,  corrected  for  temperature  of 
water  in  cistern    ------ 

Pounds  of  water,  from  212^,  to  one  cubic  foot  of  coal 

Water,  fipom  2t8®,  to  I  lb.  of  combustible  matter  of  the  fuel  - 

Mean  pressure,  in  atmospheres,  above  a  vacuum 

Mean  pressure,  in  poundis  per  square  inch,  above  atmosphere  - 

Condition  of  the  air  plates  at  the  furnace  bridge 

Inches  opening  of  damper,  (U.  upper)  -  -  -j 


1st  Trial. 
(Tabk  LIL) 


April  15. 

24.6 
3.75 
16.25 
377.5 
21.66 
lO.O 
1108.26 
1052.25 
56.0 
55.4125 
148.84 
9.126 
7.9328 
3.2312 
39.766 
8630.0 
54^6 

1100.0 

158.0 
886.0 
13.37 

'2.214 

L.9735. 

8.0703 

5.636 
7.763 

62°.  9 1 

2770.91 
284°.  45 
229°.  91 
60.0 
29.982 
8.619 
0  196 
0.2644 

216°.0 
64°.  54 

8.0703 

9.3036 
515.54 
30.1052 
1.4552 
6.7227 
Removed. 
U.     8. 


2d  Trial 
(Table  LJU.) 


April  18. 

23.0 
5.0 
16.25 
377.6 
21.66 
10.0 
1072.26 
1021.75 
50.6 
53.6125 
106.95 
6.6815 
8.4204 
2.943 
34.951 
8306.0 
55°.5 

1841.0 

27.3.0 
848.^ 
13.56 

2.246 

2.186 

7.862 

7.946 
7.9497 

51°.23 

280°.  09 
293°.  27 
229°.27 
49°.0 
30.013 
8.677 
0.205 
0.26 

228°.  86 
64°.0 

7.862 

9  0666 
481.47 
9.8893 
1.4433 
6.5467 
Removed. 
U.     8. 
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FROM  TABLES  L!I.  LIIL 

bituminous^  and  four -fifths  Beaver  Meadow  anthracite. 


Av>6iBgpes. 


63.25 

54.5125 

127.645 

7.9847 

8.1766 

3.0871 

37.3585 


842.0 
13.472 

2.23 


7.9662 

6.791 
7.8564 


278^.995 
288^.86 


0.2622 

221^.93 
59«.27 

7.9661 

9.1801 
498.605 
9.9973 
1.4492 
6.6347 


Remartcs. 


The  coal  at  the  first  trial  appears  to  have  bren  supplied  more  rapidly  than  it  was  con* 
sumed  for  a  considerable  part  of  the  time,  learing  a  heavy  bed  upon  the  grate. 


The  errors  liable  to  occur  in  the  estimation  of  the  water  evaporated  per  hour  during^ 
steady  action,  are  much  less  than  those  which  may  exist  in  regard  to  the  weight 
of  coal  actually  consumed. 


The  time  designated  for  the  commencement  of  steady  action,  in  the  first  trial,  13  ob* 
viously  samewhat  too  early;  an  hour  later  might,  with  greater  approach  to  certainty, 
have  been  assigned.     At  that  time  the  sixth  charge  was  on  the  grate. 


The  d'dlerenoe  ia  this  tine  between  the  two  trials  will  be  found  accounted  for,  in  ft 
conaider^le  afteasvie^  by  the  graiter  proportion  of  waale  in  the  second  than  in  fSbm 
first  triat 


12 
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Remarks  on  the  foregoing  table. 

It  appears  that  the  anthracites  proper  weigh,  on  an  average,  53.35 
pounds  per  cubic  foot ;  and,  consequently,  require  42  cubic  feet  of  space  to 
stow  1  ton.  The  natural  coke  o£  Virginia  requires  48,  and  the  artificial 
coke  from  Midlothian  and  from  Cumberland  coal  an  average  of  69.7  cubic 
feet  to  accommodate  the  same  weight.  Under  the  head  of '<  evaporation," 
it  will  be  observed  that  the  average  eflfect  of  1  pound  of  anthracite  was  to 
convert  into  steam,  from  water  at  212^,  9.565  pounds. 

The  last  two  columns  of  the  above  table  are  devoted  to  an  exhibition  of 
the  reductive  power  of  the  several  coals,  when  tested  by  the  method  of  the 
celebrated  French  chemist,  M.  Berthier.  The  present  occasion  may  afford 
a  suitable  opportunity  to  state  the  precautions  which  were  observed  in 
conducting  the  experiments  on  this  subject.  The  coals  in  their  raw  state 
were  reduced  to  an  impalpable  powder.  A  separate  experiment  was  made, 
to  ascertain  the  quantity  of  moisture  which  they  contained  ;  and  then  on 
another  portion,  also  in  the  raw  state,  the  trial  with  litharge  was  made. 
The  powder,  generally  not  exceeding  20  grains,  was  very  intimately  mix- 
ed with  about  forty  times  its  weight  of  good  English  litharge,  and  placed 
in  the  bottom  of  a  clean  Hessian  crucible,  of  such  capacity  that,  when  the 
mixture  was  covered  with  500  or  600  grains  of  pure  litharge,  it  was  not 
more  than  half  filled.  The  crucible  thus  charged  was  placed  on  a  brick 
support  in  the  centre  of  the  small  furnace  L,  (fig.  2,  plate  ii,)  in  which  the 
fire  had  been  previously  lighted,  and  suitably  covered,  to  prevent  the  dan- 
ger from  particles  of  combustible  matter  falling  into  it.  The  heat  was 
gradually  brought  up  to  redness,  at  which  it  was  maintained  for  some  ten 
or  fifteen  minutes,  or  until  the  ebullition  of  the  mass  had  nearly  abated. 
The  heat  was  then  pretty  rapidly  augmented  until  all  the  litharge  resting 
above  the  charge  was  in  complete  fusion ;  at  which  it  remained  a  few 
minutes,  to  allow  so  much  action  on  the  silica  of  the  crucible  as  to  facili- 
tate the  subsequent  detachment  of  the  button  of  lead  from  the  unreduced 
oxide,  as  well  as  from  the  crucible  itself,  and  to  obviate  error  from  the 
intermixture  and  adhesion  of  litharge.  Wherever  there  was  reason  to 
believe  that  an  imperfect  result  had  been  obtained,  a  repetition  of  the  ex- 
periment was  resorted  to.  It  is  obvious  that  all  comparisons  of  this 
method  of  determining  heating  powers  with  the  practical  one  by  evapo- 
ration, ought  to  be  made  after  deducting  the  proportion  of  waste  or  incom- 
bustible matter  from  the  total  weight  of  coal  submitted  to  trial  in  each 
case.  If  we  compare  the  numbers  in  the  column  which  marks  the  pro- 
duction of  ateam  to  i  qf  combustible  matter  from  212*^  with  those  found 
in  the  last  column  of  the  table,  we  have  the  following  order,  whicfa 
shows  how  far  the  method  of  Berthier  coincides  in  its  indications  with  the 
operations  of  the  steam  boiler  : 

Bieaw  to  1  ofcombmlibk.        Leadrcdvoed  to  1  ofcomihislifaie^ 

1.  Peach  Mountain     -             -             -  10.871  33.492 

t.  Forest  Improvement             -             -  10.807  33.392 

8.  Lj^ken*s  valley        ...  10.768  32.603 

4.  Lackawanna           ...  10.764  33.532 

6.  Bcjvcr  Meadow  No.  5        -            -  10  592  33  289 

6.  Beaver  Meadow  No.  3         -  -  10  462  32.415 

7.  Natural  coke  -            -            -  10.399  32.491 

8.  Lehigh  anthracite  ...  9.626  28.924 

Subsequent  comparisons  will  add  much  information  to  that  above  con- 
veyed. 
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CLASS  II. 


FREE-BURNING  BITUMINOUS  COALS  OF  MARYLAND  AND  PENNSYLVANIA. 


SAMPLES. 

Maryland  coals. 

No.  ).  New  York  and  Maryland  Mining  Company. 

2.  NefPs. 

3.  Easbv's  "  coal  in  store/' 

4.  Atkinson  and  Templeman's. 

5.  Easbv  and  Smith's. 

6.  Cumberland,  (navy  yard.) 

I  'en  nsy  Iva  n  ia  coa  Is. 

7.  Dauphin  and  Susquehanna. 

8.  Blossburg. 

9.  Lycoming  creek. 

10.  Quints  run. 

11.  Karthaus. 

12.  Cambria  county. 


General  characters. 

In  specific  gravity,  coals  of  the  free-burning  class  fall  a  little  below  the 
anthracites,  ran'jjing  from  1.28  to  1.44.  Their  mean  weight  per  cubic  foot 
is,  however,  only  two-thirds  of  a  pound  less  than  that  of  the  first  class. 
As  they  contain  but  a  small  portion  of  matter  to  be  vaporized,  they  80on 
come  to  the  temperature  of  full  ignition.  The  considerable' increase  of 
volume  which  they  take  in  coking,  favor.s  the  subsequent  rapid  and  effect- 
ive combustion  of  their  fixed  carbon.  In  some  cases,  especially  when 
brought  very  gradually  to  ignition,  their  masses  of  coke  scarcely  cohere, 
and  the  original  forms  of  their  lumps  are  in  a  measure  preserved. 
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No.  1, 

JBUujninotiS  coal  from  the  New  York  and  Maryland  Mining  Compt:ny^ 

This  sample  was  accompanied  by  a  letter  from  Mr.  Henry  Morris^of 
whict^the  following  is  a  copy  : 

*^  Washington,  December  30,  1842. 

*'  Sir  :  I  am  requested  by  William  Young,  Esq.,  president  of  the  Nevr 
york^ind  Maryland  Mining  Company,  to  forward  to  the  navy  yard  at 
Washington  four  casks  of  coal,  marked  Nos.  1,  2,  3,  and  4.  I  herewith 
seusl  them.  Nos.  1,  2,  and  4,  are  intended  to  be  tested  by  Professor  John- 
son in  evaporating  water,  so  as  to  determine  their  value  for  the  steam  ves- 
sels ;  No.  3  to  be  tried  in  the  anchor  and  cable  shops,  to  determine  its  value 
compared  with  other  coals  for  smith's  i>se  generally. 

"  Very  respectfully,  your  obedient  servant, 

«  HENRY  MORRIS. 
*'  Captain  Kennon, 

^'Commander  of  the  yard y  IVasfiingtonJ*^ 

This  coal  was  of  the  kind  commonly  denominated  "Cumberland  coal,*^ 
derived  from  the  extensive  coal  trough  lying  a  few  miles  to  the  northwest 
of  the  town  of  Cumberland,  Allegany  CDuniy,  Maryland. 

Its  exterior  characters  are — a  structure  varyiug  from  slaty  to  columnar^ 
its  color  a  dull  or  shining  deep  black,  according  as  the  former  or  the  latter 
portions  are  regarded. 

The  surfaces  of  fresh  fractures  arc  sometimes  striated.     An  efflorescent 
sulphate  of  iron,  in  very  thin  lines,  is  occasionally  discernible.     The  main . 
cleat,  or  parting,  is  at  right  angles  to  the  surface  of  deposition,  and  extends 
frequently  tlirough  the  slaty  as  well  as  the  columnar  portions. 

The  columnar  portions  arc  much  more  friable,  less  dense,  and  more  free 
from  earthy  matter,  than  the  parts  which  exhibit  a  slaty  structure,  as  will 
be  more  particularly  demonstrated  in  regard  to  another  sample  of  coal  from 
the  same  district. 

The  specific  gravity  of  two  specimens  from  this  sample  was  found  to  be 
1.438  and  1.424;  the  mean  of  which  (1.431)  gives  the  calculated  weight 
per  cubic  foot  in  the  mine  89.435  pounds. 

Twenty  experiments  in  mcasurhig  and  weighing  charges  of  two  cubic 
feet  each,  gave  a  mean  weight  of  53.7  pounds  per  cubic  foot.  Hence  the 
actual  weight  per  cubic  foot  in  the  merchantable  condition  is  0.6004  as 
great  as  the  cUlculate^  weight  in  the  mine. 

On  consulting  the  columns  under  the  head  ^^wei;j;hl  of  charges  of 
coal^^  It  will  be  seen  that  the  variation  in  the  weight  of  two  cubic  feet  wa% 
according  to  size  of  lumps,  from  95.75  to  118.25  pounds ;  the  mean  of  which 
is  107,  or  S'i,b  pounds  per  cubic  foot. 

It  will  commonly  be  observed  that  the  greater  weights  are  given  whea 
a  considerable  portion  of  fine  coal  is  mixed  with  the  lumps.  Such  will 
in  general  be  found  as  an  effect  of  giving  the  ^*  average"  sizes  to  coal,  in- 
stead of  its  being  measured  and  weighed  entirely  in  lumps.  This  will  be 
more  fully  evinced  hereafter. 

The  space  required  for  the  stowage  of  one  gross  ton  of  this  coal  will 
be  41.71  cubic  feet* 
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The  moisture  found  in  the  first  of  the  above  specimens  was  but  0.803» 
and  in  the  second  2.77  per  cent.  In  an  experiment  dt\  28  pounds  dried 
in  the  steam  apparatus,  the  loss  waa  1.785  per  cent.;  which  may  therefore 
be  safely  assumed  as  the  weight  of  water  in  100  pounds  of  this  coal,  after 
some  months'  repose  under  cover,  and  in  a  moderateiy  dry  situation. 

In  additioQ  to  the  moisture,  the  volatile  matter  at  redness  was  found  to 
be  in  the  first  specimen  12.902,  atid  in  the  second  11.65;  or  the  total  vola- 
tile matter  of  the  former  was  13,705,  and  of  the  latter  14.44, 

By  complete  incineration,  the  first  left  of  a  light  gray  ashes  18.93,  and 
the  second  18.318.  Hence  the  composition  of  the  two  specimens  may  be 
stated  as  follows : 

Specimen  a*  Specimen  h* 

Moisture           .             -  .  .  0.803  2.770 

Volatile  combustible  matter  -  -  12,902  11.650 

Earthy  matter  -            -  -  -  18.930  18.318 

Fixed  carbon  -            -  -  -  67.365  67.262 


100.  100. 


Ratio  of  volatile  to  fixed  combustible  =  1  to  5.222,  and  1  to  5.773. 

In  burning  2127.75  pounds  of  this  coal,  there  were  obtained  in  al* 
280.677  pounds  of  waste,  of  which  155.75  wore  ashes  intermixed  with 
minute  fragments  of  coke,  and  124.927  were  clinker;  or  the  latter  was 
44.5  per  cent,  of  the  fofal  waste ;  and  the  mean  of  the  latter,  compared 
with  the  weight  of  coal  consumed,  is  13.19  per  cent.  This  result  differs 
widely  from  that  obtained  from  the  two  specimens  above  described;  but, 
on  reference  to  the  two  following  tables,  in  which  the  experiments  on 
combustion  are  detailed,  it  will  be  perceived  that  they  present  even  greater 
discrepancies  between  themselves.  From  the  first  trial,  it  appears  that  the 
per  centage  of  waste  was  17.903,  and  from  the  second  only  7.514.  During 
the  second  trial,  was  burned  the  residue,  after  portions  had  been  taken  to 
the  anchor  and  chain  shops  from  the  hogshead  which  had  been  designated 
by  the  letter  above  cited  for  trials  on  working  iron. 

From  this  it  appears  that  the  coal  of  this  cask  was  much  more  free  from, 
earthy  matter  than  that  of  the  others.  The  specimens  above  analyzed 
were  taken  from  one  of  the  other  casks. 

On  reincinerating  a  portion  of  the  ashes  obtained  from  the  two  trials, 
they  were  found  to  have  contained  13.27  of  their  weight  of  carbon.  Tho 
cinder  gave  no  reduction  of  weight  by  a  like  treatment.  Hence  it  appears 
that  the  wasle  was  really  made  up  of— 

Ashes        -  -         135.095  pounds  =  6.349  per  cent,  of  the  coal. 

Clinker      -  -        124  927        «  5  870  <*  " 

.Carbon       -  -  20.675         "  0.971  *^  *< 

The  clinker  is  in  largo  spon^ry  masses  of  a  black  or  a  deep  brown  color. 
Portions  of  unredticed  shaly  skeletons  of  the  fragments  of  slate  adhere 
to-  the  exterior.  This  large  amount  of  clinker  would  constitute  a  seri« 
ous  objection  to  the  use  of  the  coal  under  st(3am  boilers.  Tiie  purest 
portions  burned  on  tiie  second  day's  trial  gave  3.4  pounds  of  clinker  to 
100  of  coal. 

The  ashes  weigh  37.79  pounds  per  cubic  foot,  and  the  clinker  41.75 
ix>unds. 
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After  two  cla3P8'  burniQg>  tiie  flues  yielded  of  soot  and  dust  8i  pounds ; 
of  which  52.73  per  cent,  were  volatile  and  combustible,  and  the  rest  a  light 
Ted  gritty  ash — rather  lighter  in  color  than  that  from  the  reinciucrated 
ashes  of  the  grate. 

The  trial  of  this  coal  in  the  chain  shop  proved  it  to  work  remarkably 
well,  producing  a  strong  heat  without  a  great  deal  of  flame.  Sixty  pounds 
of  it  'were  found  sufficient  for  the  putting  in  and  finishing  of  20  links  of  a 
1  irinch  chain — a  higher  result  than  was  obtained  from  any  other  coal 
tested  on  the  same  chain.  The  cinder  is  smalt  in  quantity^  and  very  little 
or  no  smoke  was  given  off.  The  sample,  having  been  selected  expressly 
for  this  object,  was  doubtless  more  favorable  in  its  effects  than  would  have 
been  the  other  portions  of  the  sample,  which,  as  above  stated,  yielded  up- 
wards of  17  per  cent,  of  earthv  residuum,  instead  pf  7.5  per  cent,  as  given 
by  thb  cask.  In  the  anchor, shop,  it  was  found  to  work  very  clear  from 
finder,  to  give  a  very  light  oolce,  but  not  to  be  capable  of  forming  a  hollow 
fire  at  all. 

The  facility  with  which  this  coal  ignites,  and  comes  to  a  uniform  rate 
of  combustiob,  is  indicated  by  the  time  occupied  from  the  commencement 
of  charging  to  the  arrival  of  the  period  of  steady  action  in  the  boiler.  This 
on^the  first  trial  was  1.25  hour,  and  the  second  1.416  hour.  In  the  quan- 
tity of  unburnt  coke  withdrs^wu  after  the  fire  had  become  extinct,  (which 
was  in  the  first  case  15.25,  and  in  the  second  but  5  pounds,)  we  have  an 
index  of  the  degrees  of  facility  with  which  the  combustion  is  continued. 

In  burning  this  coal,  it  was  remarked  that  it  ignites  readily  ;  burns  with 
a  deep  red  flame  of  moderate  size  ;  agglutinating  while  coking  into  tolera- 
bly solid  masses,  preventing  the  falling  of  fragments  through  the  inter- 
stices of  the  grate.  The  coke  is  consumed  more  slowly  than  that  of  the 
highly  bituminous  coals.  During  the  first  trial,  it  was  twice  found  necessary 
to  remove  a  stratum  of  clinker  from  the  grate,  as  the  combustion  became 
impeded.  On  the  second  trial,  when  the  purer  coal  was  used,  this  expe- 
lUeat  was  unnecessary — the  fire  continuing  sufllciently  active  during  the 
day. 

Tried  by  litharge,  specimen  b  (of  which  the  specific-  gravity  an4  the 
earthy  impurity  were  less  than  in  the  case  of  a)  gave  but  24.775  times  the 
weight  of  the  coal  in  metallic  lead.  But,  as  there  were  18.318  per  cent, 
of  earthy  matter  in  this  coal,  the  truly  combustible  portion  was  only  81.682 
parts  in  100 ;  and  dividing  the  above  weight  of  lead  by  this,  wo  obtain 
30.331  as  the  number  representing  the  reductive  power  of  the  combustible 
matter. 
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TABLE  LV1._NEW  YORK 
FitSt  trial — upper  damper  8  inchei  ope. 


AND  MARYLAND 
plates  closed  ; 
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77 
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73 
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77 
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76 
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76 

73 
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77 
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75 
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0 

6.00 

76    " 

73 
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77 
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0 
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77 

74 
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76 
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76 
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78 

76 
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77 
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76 
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0 
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81 

76 
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76 
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78 
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0 
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84 

78 
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75 
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80 
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86 

78 
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76 
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83 
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1 
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87 

79 

818 
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75 
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Hi 

30  14 

11.30 

90 

79 
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204 

75 
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84 
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1 
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S9 

79 
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76 
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" 
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0 
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80 
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76 
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m 
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0 
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76 
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86 

1.30 

»1 

80 
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S7C 

76 

33) 

68 

30.11 

0 

S.05 

95 

81 

-.264 

77 

23i 

88 

30.13 

0 

3.30 

95 

81 

368 

384 

77 

233 

80 

30.11 

0 

3.00 

96 

81 

553 

m 

77 

232 

(•9 

30.H 

0 

3.30 

04 

80 

262 

29. 

76 

332 

89 

30.11 

4.00 

97 

81 

ZVi 

27u 

7fi 

a3i 

89 

30.11 

4.30 

95 

81 

373 

292 

76 

3:)i 

90 

30.11 

6,00 

il4 

81 

sao 

282 

76 

23U 

89 

30.11 

5.30 

93 

81 

'". 

284 

76 

330 

..". 

30.11 

5.55 

yd' 

80 

300 

268 

"76  ■ 

3SP 

83 

3o!'ll 

ecpt  19 

5  35 

76 

73 

207 

301 

7S 

318 

79 

30  19 

5.5(1 

76 

73 

^"5 

-_ 

79 

_2I6 

78 

;(0.19 

? 

p 

si 

•8 

h'h 

\ 

l^ 

•J.3 

tt 

%  1 

«'!. 

» 

is 

^ 

7.04     0.09 

- 

0.36  o.n 

5.07    0-33 

- 

»7,S& 

6.30.   0.27 

162 

IOI.M 

fi.Oe!   0.S5 

398 

_ 

6.06 
6  03 

0.38 

685 

104.50 

0.38 

998 

- 

6.06     0.36 

1732 

96.70 

5.17     0.23 

3378 

_ 

6.10     0.35 

371'. 

5.10    0-36 

39fii 

117.0( 

5.12    0.34 

;i3ei 

6.08 

0.25 

;!GI6 

106.00 

6,20 

0.34 

4206 

_ 

6  33 

0.34 

463( 

116.7! 

h.33 

0.33 

MMi 

6.17 

0.33 

536S 

6.3(1 

0.23 

(>B»I 

U3.0( 

6.111 

0.23 

614: 

6.  If 

0.33 

«4M1 

5. 1* 

0.2i 

883' 

1U.7« 

h.l3 

0.33 

7l6i 

fi.lU 

0.23 

7540 

I1S.S6 

5.  IS 

0.23 

7864 

- 

6.31 

O.SI 

8666 

- 

6.24 

0.15 

86^6 

%.-i-x 

0.15 

vmii 

- 
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JMININO  COMPANY'S  BITUMINOUS  COAL. 

steam  etcapingjrom  both  valves  ;  small  furnace  »^  action. 
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I 

h 
I? 


h*  M* 


7.16 


7.37 


6.30 


9.30 


1 


♦r.2 

1 
I 


71.75 

72.2 

71.8 

71.8 


71.8 
7S.8 

73.9 

74. « 


-  76. ! 

-  7.-..5 
10.56  1 6  « 

75.8 


11.50 

l.Oo 

3.14 

3.45 
4.55 


>»fce 

I 


Con 


55.5 

53 

64 

70 


76.0 

76. « 
76.6 
76.1 
77.3 
77.3 
77.1 
7fi,l 
76.8 
77.3 
77.5 

77.8 


77.3 

71.8 
71  8 


76 

83 

96 

104 

120 
129 
131 
136 

143 

147 
150 
15i 
159 
163 
162 
188 
175 
178 
186 

187 


c  •" 


sll 


4-23 
3 

18 

42 
45 


o 
<S  S 


.a 
SJi 


S.: 


210 

131 
129 


50 

46 

34 
43 
41 
33 

54 

41 
50 
45 
56 
52 
43 
60 
39 
61 
52 

•  •••••■  I 

51 

40 

— M 


1.600 

l.2.'>0 
0.991 


8.188 

3.836 

2.317 
1.769 
2.702 
2.088 

1.846 

3.126 
2.252 
2.183 
1.478 
2  047 
2.400 
1.796 
1.828 
1  775 
2.003 

■  «  ••••••• 

1.717 


REM.ARK8 — Orate  surface  14.07  square  feet;  kngth  of  cir- 
cuit of  heated  gases  121  (eet;  height  of  chimney  63  feet 


Momiiig  vcrj  feggy^  fire  kindled  in  small  fbmace. 
CommeDced  firing;  safe^  valves  double  weighed  at  5^.  1 5m. 

a.  m. 
Made  observations  on  rise  of  water  in  boiler  from  heat. 
Wood  consumed,  265  pounds:  second  weight  removed  finom 

front  \alve;  steam  blows  off. 
Ash  pit  cleared  out,  and  contents  thrown  on  grate. 


The  first,  second,  third,  and  fourth  charges  of  coal  consist 

chiefly  of  lumpB. 
Pilled  tank  at  tOA.  a.  m.;  the  fifth  charge  very  dirty,  with 

much  fuie  coal. 
Wind  SW.,  light;  dear. 
Placed  28  pomids  of  this  coal  in  drying  apparatus. 

Commenced  drawing  gases  at  11^.  50/r..  from  the  new  orifice; 
drew  in  25  minutes  lOti  cubic  inches,  which  gave  water 
1.59  grain,  carbonic  acid  5.89  grains,  oiygen  9.444  cubic 
inches;  temperature  87**. 

The  seventh,  eighth,  and  ninth  charges  of  coal  nearly  all  fine. 

Removed  clinker  from  grato. 

Commenced  drawing  gases  at  \h.  40fii.  p  m  from  new  ori- 
fice; drew  in  25.5  minutes  100  cubic  inches,  which  gave 
water  3.06  grains,  carbonic  acid  5.08  grains,  oxygen 
12.777  cubic  inches;  temperature  89^. 

Filkjd  tank  at  '^h.  25m.  p.  m. 

Clinker  removed  from  grate. 

The  tenth  charge  some  lumps,  but  chiefly  fine. 

Coutect»  of  ash  pit  thrown  on  grate  at  5A.  40m. 

Water  in  boiler  left  1.2  inch  above  normal  level. 

Water  0.8  inch  bc!ow  normal  level;  fiie  on  grate* 

Water  in  boiler  adjusted.  


RESIDUA. 


Clinkrr 

Ashes 

Ashea  behind  bridge 


79.75 

108.00 

4.00 


Total  dinker  and  ashea 
De'Hict  wood  a^ies    - 


-  191.75 
.      0.8135 


Total  vraitefrom  coal 

CoLb 


190.9865 
14.75 
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TABLE  LVH.— NKW  YORK  AND  MARVLAND 
Secnad  trial— upper  ilutnper  S  tne4e*  oprn  ;  air  plateit  open ; 


PsrioJ  of  stead;  action,  rram  9A.  i^-n.  a.  m.  ta  6h.  \7m.  p.  m.-—9h.  AJm-i  cool  lupplifd  u 
gnto,  746  lb*.  I  water  to  bailer,  6,92:]. 7  lbs.;  natcr  la  I  of  coal  far  Uiia  period,  9  S56. 


189 
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MINING  COMPANY*S  HlTUiVJINOUS  COAL. 

Utam  escupiiig  from  bUh  vuivet^  mid  smn II  furnace  in  qciion. 


4.  «. 


7.0S 

7.36 


9.95 


i0.30 


11.50 
1.00 

3.08 
8.S5 


6.05 
«.17 


71.8 

71.7 
73.2 

73.6 


76.8 
74.9 
77.2 

77.8 
7«9 
76.6 
76.6 


76.6 

76. « 

76.4 

76.4 

76.25 

71.5 

71.5 

77.1 

76,9 
76.1 
78.0 
77.2 
77.4 
78.3 


77.2 
71.0 
71.0 


It 

is 


b0 

B 


8S 


129 

lOS 
102 

97 


98 
102 
110 

125 
133 
144 
156 


170 

176 

187 

193 

189.5 

202 

206 

208 

209 
212 
216 
223 
227 
232 


249 
148 
144 


o  8 

g  « 

«  3 

^1^ 


+41 

61 
86 
78 


76 
70 
72 
78 


46 
77 
80 
90 
87 
85 
71 
61 

83 
73 
87 
79 
78 
88 


64 
.  9 
•  6 


0.531 
0.901 

1.351 
2.114 
2.  :i09 


1.875 
1.087 
2.307 
2.6i5 


2.460 
2  2(5 
2.278 
2.013 
2.162 
2.077 
2.219 
1.791 

2.241 
2.022 
1.828 
1.838 
1.817 
2.146 


REMARKS — Grate  surfaoe  14.07  square  feet;  length  of 
circuit  of  heatod  gaae»  121  fecti  hotght  of  eUinfie^  68  fteU 


Clear ;.jwind  8W.,  light;  water  0.6  inch  betew  normal  level  \ 
commenced  firing ;  fire  n»de  in  email  fomace. 

Wood  consumed,  84  j  ibe.;  commenced  charging  niith  coal; 
second  weight  taken  from  valves,  and  tteam  blows  off  at 
7A.  25m  a.  m. 

Damper  set  at  8  inches,  and  air  plates  opened. 


OHnker 


Ashes  behind  bridge 

Dedoet  wood  ashes 
Told  waste  fiom  eotl 

Ceke 

(tb«iiio|B) 


Wind  NE.,  light ;  dear ;  filled  tank  at  10^  1  Om.  a.  m. 

Commenced  drawing  gases  from  new  orifice  at  11  A.  5m.; 

drew  in  29.5  minutes  100  Cubic  inches,  which  gave  water 

1. 88  grain,  carbonic  acid  6.6  grains,  oxygen  10.209  cubic 

inches;  temperature  88^. 
Clouds  flying  firom  NE.;  dew  point,  by  observation,  76**; 

by  calculation,  at  same  time  and  plaoe,  75^.8. 

Removed  a  small  additional  w^ght  iiom  front  valve. 
Pilled  tank. 

Owing  to  the  very  firiable  nature  of  the  coal  consumed  to- 
day, it  is  nearly  all  fine. 
Wind  NE..  brisk;  clear. 
No  clinker  ramoved  firom  grate  to-day. 

The  coal  of  the  two  hogsheads  consumed  to-day  appears 
much  more  friable  and  less  crystaloid  in  the  large  masses, 
but  of  a  more  columnar  structure  internally,  than  that  of 
the  two  consumed  yesterday.  It  i^ows  but  little  smoke 
at  chimney  top. 

Air  plates  closed,  and  contents  of  tmh  pit  thrown  on  grate, 
at  eh.  50m.;  damper  reduced  to  8  inches. 

Water  in  boiler  left  last  night  at  0  8  inch  above  normal 
level;  this  morning  it  is  2.4  inches  bel&w  normal  level. 

Water  in  boiler  adjusted. ^ _ 

Pounds. 

-  36.26 

-  39.75 

-  4.06 


RESIDUA. 


80.00 
0.26 


79:74 

"Zoo 

8.5 
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TABLE  LVril.— DEDUCTIONS' 
Experiments  on  the  New   Yirrk  and 


1 
2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

13 

13 

14 

16 

16 

17 

18 


Nature  of  the  data  famished  by  the  respective  tables. 


Total  duration  of  the  exporiroent,  in  hours    -  -  • 

Duration  of  steady  action,  in  hours  -  -  -  - 

Area  of  grate,  in  square  feet  -  «  -  - 

AT^a.  of  heated  surface  of  boiler,  in  square  feet 
Area  of  boiler  exposed  to  direct  raJiation,  in  square  feet 
Number  of  charges  of  coal  supplied  to  grate  • 
Total  weight  of  coal  supplied  to  grate,  in  pounds 
Pounds  of  coal  actually  consumsd     -  .  -  - 

Pounds  of  coal  withdrawn  and  s-'para ted  ailer  trial 
Mean  weight,  in  pounds,  of  one  cubic  foot  of  coal 
Pounds  of  coal  supplied  per  hour,  during  steady  action 
PoUiids  of  coal  per  square  foot  of  grate  surface,  per  hour 
Total  waste,  ashes  an  1  clinker,  from  1 00  pounds  of  coal 
Pounds  of  clinkor  alone,  from  mo  pounds  of  coal 
Ratio  of  clinke:  to  the  total  waste,  per  cent.  -  -  - 

Total  pounds  of  wat:*r  supplied  to  the  boiler  -  -  - 

Mean  temperature  of  water,  in  degrees  Fahrenheit 
Pounds  of  water  supplied  at  the  end  of  experiment,  to  restore 
level         --_---. 
DeJuction  for  tcmporature  of  wat?r  supplied  at  the  end  of  ex- 
periment ------- 

Pounds  of  water  evaporated  per  hour,  during  steady  action     - 
Cubic  feet  of  water  per  hour,  during  steady  action 
Pounds  of  water  per  square  foot  of  heated  surface  per  hour, 
by  one  calculation  -  .  -  . 

Pounds  of  water  per  square  foot,  by  a  mean  of  several  obser- 
vations    -  -  -  -  -  -*- 

Water  evaporated  by  1  of  coal,  from  initial  temperature  (a) 

final  result  --_._- 

Water  evaiio.-ated  by  1  of  coal,  from  initial  temperature  (b) 

durinj;  steady  action  ..-.-_ 

Pounds  of  fuel  evaporating  one  cubic  foot  of  water 

Mean  teniparature  of  air  entering  below  ash  pit,  during  steady 

pres  ure    ------- 

Mean  tcmperatureof  wetbulbthcrmom,,  during  steady  pressure 
Mean  temperature  of  air,  on  arriving  at  the  grate 
Mean  temperature  of  gases,  when  arriving  at  the  chimney 
Mean  temperature  of  steam  in  the  boiler         -  -  - 

Mean  temperature  of  attached  thermometer    -  -  - 

Mean  height  of  barometer,  in  inches  -  -  - 

Mean  number  of  volumes  of  air  in  manometer 
Mean  height  of  mercury  in  manometer,  in  atmospheres 
Mean  height  of  water  in  syphon  draught  gauge,  in  inches 
Mean  temperature  of  dew  point,  by  calculation 
Mean  gain  of  temperature  by  the  air,  before  reaching  grate    - 
Mean  difference  between  steam  and  escaping  gases 
Water  to  1  of  coal,  corrected  for  temperature  of  water  in  cis- 
tern ------ 

Water  to  1  of  coal,  firora  212^,  corrected  for  temperature  of 
wate^  in  cistern     ------ 

Pounds  of  water,  from  212®,  to  1  cubic  foot  of  coal   - 
48    Water,  torn  212**,  to  1  pound  of  combustible  matter  of  the 
fuel  ------- 

Mean  pressure,  in  atmospheres,  above  a  Tacaoxn 

Mean  pre.^sure,  in  pounds  per  square  inch,  above  atmosphere 

Condition  of  the  air  plates  at  ihe  furnace  bridge 

Inches  opemBg  of  damper,  (U.  upper)  .  .  - 


19 

20 
21 
22 

23 

24 

25 

26 
27 

28 
29 
30 
31 
^ 
33 
31 
.35 
3t; 
87 
38 
39 
40 

41 

42 


44 
45 
40 
47 


1st  Trial. 
(Tabh  LVI.) 

September  18. 

24.917 
8.417 
14.07 
377.6 
18.75    . 
100 
1081.75 
1066.5 
1.S.25 
54.0875 
92.376 
6  56:> 
17.903 
7.4473 
41.598 
83u6  0 
7C®.0 

151.0 

20.0 
818.843 
13.1 

2.169 

2.183 

8.238 

8.861 
7.5857 

•   89^2-5 
79^9 
23l<».6 
278*».6 
2aio.l5 
84*'.  5 
30. 1205 
5.132 
0..544 
0.2365 
75<'.a0 
142^35 
47^06 

8.2114 

9.2956 
602.77 

11.323 
1.4464 
6.592 
Closed. 
U.     8 


2d  Trial. 
(Ta6kLVU.) 

Stpltmber  19. 

24.583 
8.867 
14.07 
377.5 
18.75 
10.0 
1066.25 
1061.25  ' 
5.0 
53.3125 
84.367 
5  996 
7.514 
3.4046 
4.1.31 
9/83.0 
78«'.5 

862.0 

106.0 
780.927 
12.49 

2  066 

2.058 

9.118 

9.256 
6.8646 

95^55 
79^95 
268°.  81 
309^9 
28"X^43 
87^1 
30.242 
5. 1543 
0.64l» 
0.2266 
76^.21 
173^26 
76®.  78 

9.CB6 

10.2592 

546.94 

n.owr 

1.4447 
6.5675 
Open. 
U..    8. 
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FROM.  TABLES  hV.I,  LVII. 

Maryland  Mining  Company^ s  coal. 


Averages. 


10.125 

63.7002 

88.371 

6.2805 
12.7085 

6.42i9 
43.454 


Kemarks. 


The  great  diflbrrtnce  in  the  amovmt  of  earthy  matter,  on  the  two  trials,  has  already 
been  referred  ta 


799.887 
12.795 

2.1195 


8. 678       The  dilTerenco  in  the  remilts  of  the  two  trials  is  explained  by  the  diiibrenoe  in  tho 

I       amount  of  waste  in  the  two  casesj  reepectively. 
9.06 
7.2201  ' 


250**.  2  . 

294*'.  25 


0.2315 

157*».805 
61^.921 

8.6487 

9.7774 
6S4.855 

11.2078 
1.446 
6.6797 


The  dilTerence  of  evaporative  efifect  of  tho  coal  on  the  two  trials  in  line  41,  i« 
made  to  assume  an  opposite  character  in  this  line,  by  the  deduction  in  each 
case  of  the  amount  of  wa^te. 
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No.  2. 

Bituminous  coal  from  Mr.  John  Neff^s  minesy  in  the  neighborhood  of 

Frosiburgj  above  Cumberland. 

This  sample,  snfficient  for  four  trials  on  evaporation,  was  taken  from  a 
boat  load  of  the  same  coal  delivered  1)y  the  proprietor,  under  a  contract 
with  the  department,  at  the  navy  yard,  Washington. 

In  exterior  characters,  this  coal  is  generally  similar  to  all  those  from  the 
same  district  wtiich  have  been  examined.  It  was  taken  indiscriminately 
from  the  heap,  and  the  lumps  were  not  separated  from  the  fine  parts. 

The  larger  masses  exhibit  the  same  crystaloid  appearances  already  no* 
liced,  with  the  occasional  occurrence  of  a  radio-striated  surface. 

The  main  partings  are  perpendicular  to  the  surfaces  of  deposition.  The 
partings  of  "clod,**  or  carbonaceous  matter,  retaining  something  of  the  or- 
ganic structure,  are  pretty  abundant,  and  fractures  are  easily  made^  which 
display  the  forms  of  vegetable  impressions. 

The  specific  gravity  of  two  specimens  was  found  to  be,  respectively, 
1.3429  and  1.3221,  whence  the  mean  weight  per  cubic  foot  in  the  mine  is 
813.23  pounds. 

Forty.trials  by  measuring  and  weighing  in  the  charge  box  showed  the 
mean  weight  per  cubic  foot,  in  the  marketable  state  of  average  fineness, 
54.287  pounds ;  or  the  weight  calculated  from  the  specific  gravity  is  to  that 
obtained  by  experiment  as  1  to  0.6519. 

The  space  required  for  the  stowage  of  1  gross  ton  is  42.126  cubic  feet. 

98.75 

The  extremes  of  weight  per  cubic  foot  in  the  whole  series  are  — j— 
zz  49.375,  and  —  zz  58.5,  as  will  be  seen  on  consulting  the  column  of 

charges  in  the  tables  of  experiments.  The  mean  of  these  two  (53.927)  is 
sufficiently  near  the  general  mean  above  given,  to  warrant  a  full  reliance 
upon  its  realization  in  practice. 

The  trial  for  moisture  in  the  steam-drying  apparatus  resulted  in  the  ex- 
pulsion of  11  ounces  from  28  pounds  of  this  coal,  or  2.455  per  cent. 

The  volatile  matter  of  the  first  specimen,  of  which  the  specific  gravity 
is  given  above,  was  found  to  be  14  05  per  cent.,  and  that  of  the  second 
16.21  per  cent. 

The  incineration  of  the  same  specimens  left  of  the  first  11.414,  and  of 
the  second  8.538  per  cent.  The  ashes  are  moderately  dense,  and  of  a 
nearly  flesh-red  color. 

There  were  burned  in  four  trials  4318.38  pounds  of  ihis  coal,  and  with- 
drawn from  the  furnace  196.25  pounds  of  clinker,  equal  to  4.5446  percent.; 
and  277.008  pounds  of  ashes,  equal  to  6.4106  per  cent.  Hence  the  clinker 
is  41.468  per  cent,  of  the  total  waste. 

The  clinker  is  in  dark  brown,  spongy,  rather  friable  masses,  including 
considerable  portions  of  shaly  and  other  unvitrified  materials,  which  are  of 
a  somewhat  lighter  color  than  the  portions  which  have  undergone  com- 
plete fusion.  It  does  not  adhere  to  the  grate,  or  spread  into  impermeable 
sheets,  like  the  cinders  of  some  other  coals  which  have  been  examined, 
ft  contains  0.896  per  cent,  of  carbon.  Its  weight  in  the  charge  box  was 
found  to  be  32.12  pounds  per  cubic  foot. 

The  asiies  are  of  a  reddish  gray  color,  and  weigh  37.2  pounds  per  cubic 
foot.    They  contain  10.06  per  cent,  of  carbon. 
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The  aoot  taken- from  the^flues  after  four  days'  burning  weighed  14.625 
pounds,  and  was  of  such  density  that  12.64  pounds  made  1  cubic  foot.  Its 
iDCombustible  portion  is  33.16  per  cent. 

The  facility  with  which  this  coal  ignites  is  indicated  by  the  times  re- 
quired  in  the  four  trials  to  bring  the  boiler  to  a  uniform  rate  of  evapora- 
tioD.    These  were — 

1.416  hour  for  the  first ;  coal  in  lumps. 
2.5Q0  hours  for  the  second  ;  coal  all  fine. 
1.800  hour  for  the  third  ;  coal  mixed. 
1.000  hour  for  the  fourth ;  coal  in  lumps. 

Mean      1.679 


It  is  evident  that  the  coarseness  or  fineness  of  the  coal  has  been  an  im- 
portant element  in  deciding  the  prpmptitude  with  which  the  combustion 
was  brougl^t  to  its  average  rate. 

The  mean  weight  of  unburn t  coke  withdrawn  at  each  trial  was  6.155 

pOIUMls. 

In  the  chain  shop,  60  pounds  of  this  coal  were  sufficient  to  make  eight 
links  of  l||-inch  chain.  Its  efficiency  was,  therefore,  the  same  as  that  of 
Atkinson  &  Templeman's  coal,  to  be  hereafter  described;  and  in  the 
anchor  shop  it  worked  well,  made  a  good  hollow  fire,  but  gave  a  large 
amoant  of  cinder,  which  accords  well  with  the  considerable  per  cenlage  of 
waste  drawn  from  the  steam  boiler  furnace. 

A  trial  by  the  oxide  of  load  resulted  in  reducing  of  metallic  load  26.457 
times  the  weight  of  raw  coal  employed.  Deducting  the  ashes,  11.414  per 
cent,  the  lead  to  1  of  remaining  material  was  29,866 ;  and  deducting  far- 
ther 2.455,  the  per  cent,  of  moisture  determined  in  the  large  way,  the  lead 
to  I  ef  real  combustible  is  30.717. 

in  the  gas  works,  this  coal  would  be  found  to  produce  a  gas  too  small  in 
quantity,  and  too  low  in  illuminating  power,  to  be  employed  with  profit. 

In  the  blast  furnace,  it  will  sustain  the  same  character  as  the  other  sam- 
ples from  the  same  coal  region,  with  perhaps  the  exception  of  demand- 
ing more  expenditure  of  power  in  reducing  its  higher  proportion  of  earthy 
impurities. 

ft  forms  a  dense  coke,  very  suitable  for  smelting  iron.  An  experiment  of 
considerable  magnitude  on  coking  this  coal  was  made  for  another  purpose^ 
while  the  experiments  on  evaporation  were  in  progress.  The  evaporative 
power  and  other  properties  of  that  coke  have  already  been  detailed. 

Erom  preoeding  data,  the  composition  of  this  sami^le  may  be  stated  wik 
follows : 

Moisture,  from  drying  28  pounds    •  -  -  2.455 

Volatile  matter  other  than  moisture  (twa.ipecimens)  12.675  i 

Earthy  matter,  from  4318.38  pounds  -  -  10.343 

Fixed  carbon,  by  difference  ...  74.527 

Ratio  of  volatile  to  fixed  combustible  -  -    1 :5.88 

By  reference  to  the  colcmm  of  <'  remarks''  in  the  tables  of  experiments, 
it  ^Ul  be  perceived  that  the  combustion  of  this  coal  caused  in  the  grate 
tars  a  constant  tendency  to  redness,  and  a  consequent  liability  to  flexure 
and  derangement* 

13 
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TABLE  LIX— NEFF»S 
First  trial — upper  damper  8  inches  open  ; 


Pate. 


Oct  li 


Hour. 


TE3[rSBi.T17REI  OF  TBX 


60 


h.  s 

'I 
n 


t 


A.  m. 

k.  V. 
5.00 

7  00 

7.30 


8.30 


9.00  68 


47 


47 
49.5 


£ 

V 


•li 


•■? 


S 


42 


43 

45 


53 


CM.  15 


9.30 

10.00 

10.30 

11.00 

11.85 

r.  X. 

0.00 

0.30 

1.00 

1.88 

2.00 

2.30 

3.10 


55 
55 
56 
59 
59 

61 
62 
62 
65 
65 
65 

66 


J 


I 

.S 


.a 


143 

132 
143 


8.50 
4.10 
6.55 


8J0 

A.  X. 

7.28 
7.46 


49 

47 

49 
49 
50 
52 
52 

54 

64 

55 

55.5 

56 

55 

65.6 


64 
62 
67.5 


52 


46 


149 


271 
263 


58 184      48 


o 


166 

178 

192 
206 
214 
230 
236 

250 
260| 
266 
273 

277 


313 


302 


312 
306 
315  67 


59 

59 


228  47 
232  47.5 


59  233  49 


30.14 

30.18 
30  21 


0.372 

0.672 
0.558 


o 
> 


67 


813 

326 


57 
57 


323  56  236 
318  56  236 
320  56  235 
818  56  234 
325  66234 
280;  316  56  233 


232   51 


57233 

57  233 

234 

235 

237 


64 
61 
60 


47 

49 
44 


290!  830 


282  298 
290;  262 
280  220 


278  206 


198 
190 


188  64 


181 


67 


232  58 


57 
57 
56 


56 


54 


53 
54 
55 
56 
56 

56 
57 
67 
57 
58 
58 


231 
229 
226 


228 

208 
206.6 


59 
68 
67 


56 

47 
47 


30.22 

30.22 

30.23 
30  23 
30.25 
30  25 
30.26 

30.25 
30  24 
30  24 
30.24 
30.22 
30.23 

30.23 


30.23 
30.23 
30.25 


30.26 

30.28 
80  28 


0.665 

0.665 

0.563 
0.574 
0.574 
0  593 
0  605 

0.686 
0.581 
0683 
0.675 
0.676 
0.565 

0.662 


0.552 
0  512 
0.523 


0,627 

0  874 
0.872 


6.84 

4.86 
5.00 


4.92 
4.92 

4.96 

484 
4.84 
4,65 
4.63 

4.72 

4.74 
4.75 
4.88 
4.81 
4.92 

4.96 


.s 

%m 

o 


0.19 

0.80 
0^40 

0.43 


9 

a 

li 
12 

s 

I 


6.05 
6.46 
5.34 


5.80 

6.i2 
6.84 


0.43 

0.41 
0.40 
0.40 
0  89 
0.88 

0.37 
0.39 
0.88 
0.40 
0.36 
0.35 


159 
887 


1577 


u 

o 

8 


106.75 
108.09 


107.75 


2263  102.75 
2727 


3169 


117.00 


8784       - 
[4217  105.76 

4880  IIUOO 
5412 
5708;  110.78 
6897  119.00 
66521  - 
7377,110  00 


0  38  7892 


0.30 
0.30 
0.28 


0.24 

0.21 
0.20 


8312 
8992 
9158 


9153 

9162 
9196 


^ 


Period  of  itetdy  acdoa  thii  day  extendi  from  8A.  26m.  ft.-m.  to  2A.  30di.  p.  oil  =^64.  5fli« 
Cotl  foppUed  to  grate,  770.25  Ibe.i  water  to  boiler^  6,447.6  Bie.  dtsring  tint  tfane. 
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«ir  plvtsa  cloud;  and  sw»ail  /umac*  in,  actim^ 


[IW3 


8 
I 


1 


A>  IB* 


7.41 


826 


9JI9 
10.30 
11.08 
11.58 

0.»2 

!^ao 


31.9 

31.0 
37.5 


4XB 

38.1 

41. 1 
41.1 
42.6 
44.3 
44.3 

47.1 
46.2 
48.5 
47,0 

48.2. 
45.8 

43.2 


44.3 
88.3 

40.8 


$0.6 

86.1 
37.0 


I 


S  £ 


96 

85 
93.5 


113 

125 

137 
151 
158 
171 
177 

189 
198 
204 
208 
212 
215 

224 


--35 

+43 
31 

80 


70 

79 
73 
81 
78 
89 

87 
82 
85 
84 
91 
88 


218 
228 


226 

148 
142 


98 

67 
88 
.  6 


.5 


'S 


I 


^ 


REMARKS — Gimte  nxiace  14.07  square  feet;  length  of 
circuit  of  hcatid  gaaes  121  feet;  height  of  chinm^f  93 
feet 


0.837 
2.158 


Mommg  deui  wind  N W. ;  water  brought  to  0.36  inch 

below  normal  level. 
Commenced  firing;  and  Gie  kindled  in  small  furnace  at  5A. 

35m.  a.  m. 
Wood  conflomed)  221  Ibe.;    canuneiMed  charging  with 

coal;  steam  blowa  off  at  7h,  5m. 

Filled  tanh  at  Sh.  34m.  a.  m. 


Small  additional  weights  on  both  valves* 


2.940^ 

3.581 

2.511 

2.842J  28  lbs.  of  this  coal  was  placed  in  the  drying  apparatus. 

3. 258]  Front  valve  double  weighed  at  lOA.4Oim.9to  prevent  priming. 

2.752  Filled  tank  at  lU.  40m.  a.  m. 


3.010 
2.818 
1.568 
2.882 
1  842 
3.841 


2.046 
1.669 


Grate  bars  cherry  led. 

Steam  allowed  to  eacape  slowly  from,  front  valve;  to  pre- 
vent priming,  the  level  of  water  in  boiler,  hereafter  dur 
ring  this  experiment,  kept  1  inch  below  normal  level; 
grate  bars  cooled  down. 

The  coal  of  this  day's  experiment  generally  fine. 


Contents  of  ash  pit  thrown  on  grate. 

Dapaper  reduced  to  3  iiidkts  at  4A,  Om.  p.  m  ;  water 
brought  to  0.3  inch  above  normal  levels  partly  fiOed  tank 
at  bh.  55m. ;  water  in  boiler  brought  to  0.35  inch  above 
normal  level. 

Wate^.28  inoh  above  normal  level. 

Water  0.2  inch  below  normal  level. 

Watar  in  boiler  adjusted.  ,    _^_____^______ 


RESIDUA. 


CHnkeC' 

A^M 

AalMt  befaind  bridge    • 
Total  clink«  and  ashee 


Cobt 


Potmdt, 
56.50 
66.2s 
5.906 

128.868 
04T8 

127  J78 

7M 
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TABLB  LX—KErW 
Second  trial — upper  damper  s  inekei  open;  air  platee  openf 


T..».^T<T. 

■  OIT.. 

"i 

1 

'S 

1 

S 

-  2 

r 

S 

h 

f 

1 

s 

is 

1 

.S 

1 

it 

47 

130    154 

54 

.. 

52 

30.00 

0.366 

6.89 

0.15 

_ 

. 

60 

13B^  888 

.". 

226 

51 

3».»9 

0.605 

4.62 

0.30 
0.48 

- 

110.00 

61 

138;' SC3 

64 

a33 

S2 

ao^gf 



0.674   4.84 

51 

138    2S1 

54 

S3S 

63 

89,97 

0,558 

6.0WO,40 

160 

110,75 

bi 

140    319 

6* 

833 

56 

29,96 

0,663 

5.04 

0,81 

S37 

_ 

65 

1481  3B6 

1661  316 

64 

65 

838 

233 

67 

59 

29,06 
39,96 

0.B51 
0.541 

6.06 
5.1c 

0,38 

676 

10835 

57 

0,34]  1131 

,....„.. 

55 

170   33G 

56 

60 

39,96 

0,555 

1476 

56 

179   330 

58 

333 

61 

39.96 

0.666 

6, 

2024 

10400 

63 

187    30S 

66 

233 

81 

29.95 

0.648 

5, 

2304 

_ 

58 

19S   396 

67 

232 

81,5 

39.93 

0.644 

6. 

3813 

108.76 

55 

1961  384 

57 

232 

61 

29,93 

0.644 

6, 

2049 

54 

193.  343 

67 

233 

60 

39.93     0.549  |5, 

3369 

1*09.00 

64 

196    330 

57 

234 

39  93    0,5T1    4. 

3878 

61 

200j  346 

S7 

334 

58 

39,9:t    0.676  U, 

4314 

100.76 

9.30 

68  1   53 

204I  334 

67 

S34 

58 

29,93    0.674 

4844 

4.  DO 

63      5t 

210 

3,7 

67 

234 

68 

29.94(0.586 

5314 

lOS.Sfi 

4.30 

63      54 

3t7 

,3, 

57 

334 

58 

29.93  1  0.683 

5704 

_ 

6.00 

64;    50 

323 

354 

57 

834 

GB 

29,95  '  0.688 

8803 

100.60 

B.30 

64      55 

234 

343 

67 

333 

58 

39.94 

0.673 

8608 

- 

em 

8,r!5 

68'    57 
64'   54 

S38 
848 

362 
880 

57 
68 

S33 
831 

68 
6S 

39.96 
29.95 

0.664 
0.648 

7293 

1 06.60 

'sVes 
eso 

. 

8.27 

67  '   48 

886 

340 

68 

"22s." 

56 

29.96 

O.6V3 

Odtl? 

4.15 

49      41 

210 

194 

66 

224 

49.5 

29.95 

0.477 

8S0 

4.50 

48     42 

■m 

194 

56 

382 

49 

89.96 

0.4S9 

854 

- 

Thu  period  of  rtesdy  ucU 

,.  f,™  1 

OA.  >.  m.,  to 

6A.  4 

3in.  p.  tii,,«iiilnMM7A.43M.i  &•  cm! 

nipplie.1  to  ihe  gnte  in  that  time,  »u 

751.76  lb..; 

■ndtl 

M  w>t<r  V>  Ok  boOor,  e,379.M  Ita.;  BIT- 

ingrf^ 

itertol 

ofco^,  8 

30s. 
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«tftom  ikrmon  inkf'elAmnts^  and  muM/amace  in  action. 
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a 


h 


r 


M*  fll* 

8.05 
8.85 

10*00 

••  •••••« 

11.11 

0.80 
8.00 
t.H 
8.44 

4.34 


I 


44.1 


46 


0.48 


••«••*«. 


48.8 
48.8 

48.4 

49.4 

M.8 
48.8 
47.3 

50.8 
50  8 
48.8 
46.8 
40.2 
40.0 
43.7 
48.1 

45.1 
48.0 

45.7 

40.0 

44.3 

84.7 

88.1 
88.7 


.1 

"5 -a  6, 

«  to 


78 


77 
88 

88 
85 

108 
105 
113 

119 
134 
130 
130 
134 
140 
142 
147 

154 

158 

170 

170 

184 

909 

161 
158 


I 


Ml 


81  —18 


l-f-42 

81 
59 

86 
94 


83 

104 

96 

78 

64 

93 

110 

96 

111 

100 

103 

103 
120 


0.736 

0.988 
1.791 


2.070 
3.198 
1.935 

1.801 
1.314 
1.786 
1.483 
3.607 
2.809 
1.748 
8.019 

2.596 
2.688 


110      2.614 
119     3.158 


89 
10.5 

80 

28 


REMARKS  -^nte  mnhce  14.07  ■quartfeet^  kngth^r  cir- 
cuit oflieatft]  gasef  121  lett;  l^lghtof  diimney  68  fset 


Moraing  clear;  wind  SW.,  light 

Water  in  boiler  0.47  inch  below  normal  level)  commanert 
firing. 

Tank  partly  filled  at  7h.  10m.  a.  m. ;  wood  conaamed  255} 

Iba. ;  commenced  charging  with  coal. 
Btcam  allowed  to  cecape,  and  air  platea  opened. 
To  preToit  priming,  a  ten^rary  level,  one  Bieh  below  ^ 

true  normal  level,  will  be  kept  daring  this  day's  operatioiia; 

aeoond  weight  removed  from  back  vmlve  at  9m.  80m.  a.  m. 
The  coal  burned  this  morning  ia  nearly  all  fine,  producing 

rather  alow  combustion  'and  action;  tai^L  partly  filled  at 

lOA.  25m.  a.  m. 
Smoke  18".  5  in  reaching  dilmney  top;  ayphoo  0^39. 
At  llA.  llm.  a.  m.,  wind  NW.,  light;  overcast;  placed 

8CM:ond  weight  on  back  valve. 


The  coal  burned  aSnce  sixth  charge,  being  leas  fine,  bums 

with  more  vigor;  steam  allowed  to  escape  from  bac^  valve 

by  removing  second  weight. 
Grate  bars  cherry  red;  fire  in  vigorous  action;  wind  W., 

brisk;  sky  overcast. 
Filled  tank  at  5A.  8m.  p.  m. ;  very  little  smoke  from  dwB- 

ney  to-day. 
Air  plates  closed,  and  contents  of  ash  pit  thrown  an  grate. 

Water  in  boiler  left  I  inch  above  true  normal  levels  at  Sh,  4f% 

p.  m.,  water  0.33  inch  bdow  normal  level. 
Water  0.4  inch  above  normal  level. 

Water  0.07  inch  above  noimal  levd. 
Water  in  bmler  adjusted. 


Clinker 
Ashea 

Aabesbehhid 


RESIDUA. 


43.26 
69.25 
0.806 


Total  waste  - 
Deduct  wood 


.     118.406 
0.784 


Total  waate  from  coal 


117.622 


Coke 


7.76 
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(eSMBEMAKD)  COAL. 


In 

P 

h 

ItEMABKa-Gnle  nuCM  14.07  t^am  feet,  l«D|lh  of 
cutuit  oTbMted  g»M  m  bet,  hMght  of  duniuT  a  £Mt 

s 

t 

hi 

Snwil  rurDM«  lighted  M  Ak.  tdm. 

U.1 

Ui 

-BS 

e.is 

37.0 

136 

37.0 

IW 

-    « 

Md. 

7.06 

37.0 

123 

■l-ae 

- 

StsMU  allowed  W  ««cape  at  6A.  40m.i  W  pr«Tent  primiDg, 
lli«  naler  in  boiler  U  kept  t  inch  betow  tnw  nmnsl  teni, 

- 

46. 1 
4S.i 

133.6 

136 

133 

100 

0  853 

■econd  weight  rcmoTed  &om  back  valve 

8.M 

141 
143 

3.077 
1.633 

- 

The  3d  charge  of  eoai  i»  aU  liiinpe;  we.thcr  deari  wind 

8W.,  toidc. 
Grate  ban  chcny  rod,  tho  Irt,  3d.  and  4di  cbatgea  of  coal 

8.M 

40.1 

135 

IS3 

3.0S4 

an  about  an  avenge.                   ' 

40.1 

140 

141 

S.4R6 

Fifth  charea  ii  owly  all  floe  cod. 

9.il 

n.f> 

147 

144 

3.836 

iOiM 

3T.7 

140 

134 

3.S96 

lOA.  37m.  a.  m.;  drew  in  36  imniit«  100  cubic  incfaea. 
which  gnve  water  0.96  grain,  caibonic  acid  6. 99  gnloa. 

16S 

139 

8.640 

Au'pbloickieedat  114.  3»fn.;  wind  W.,  overaHt 

11.90 

434 

ISO 

18S 

3.336 

minutea  (air  pklea  eloaed)  100  cu1»c  incbea,  vdiich  g>v« 

- 

41.1 

166 

180 

3.363 

wB(«r  0.67  grain,  carbonic   add  4.54   gtsiiu.  oxygen 
13.76  cuUc  iDcheai  teii^>erature,  58». 

4I.T 

164 

185 

9.367 

4&.8 

167 

134 

3  0S8 

Air  ptatea  qiened  at  OA.  &5m.  p.  m. 

1.M 

44.3 

178 

148 

3.868 

The  eth,  Tth,  Bth,  and  Sth  chargea  are  abont  one-half  fina 

coal. 
\  Filled  tank. 

3.SS 

434 

4S.7 

181 

178 

187 

1S9 
153 

'   lis 

1.700 
3.363 

_ 

Air  ptatai  eloaed  at  3A.  SOm.  p.  m.;  coDtonU  of  aah  pA 

thrown  on  gnle;  danMr  ael  at  4  inches. 
Wrter  in  boiler  bron^t  to  bne  nocmal  level. 

_ 

46.7 

188 

86 

_ 

57 

Watd  in  boner  raiud  to  0.3  inch  above  nnmul  level. 

•9.4 

189 

86 

Watai  in  bailer  at  0.4  inch  above  noraal  levri. 

- 

80.8 

180 

-     4 

Water  in  boiler  left  at  0.33  inch  tbon  normal  level. 

^n 

I4«B 

-94 

Water  0. 1  ini^  below  normal  le<,-el. 

- 

149 

—  M 

- 

Aebca  bcbind  bri<^  • 
Totol 


Total* 
Coke 
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TABLE  LXn.— NBFF»8 

Fourth  trial— upper  damper^  inches  open;  ah*  plates  closed;  steam  thrown 


Date. 


Oct  18 


Oct  19 


Hour. 


A.  X. 

7.15 
7.8§ 
7,45 


6.15 

8.45 

9.15 

10.00 

10.30 

11. do 

11.30 

p.  X. 

0.00 

0.30 

1.00 

1.30 

S.OO 

2.40 

3.00 

3.30 

4.00 

4.30 

6.00 


TuuxmATVBit  or  tbs 


49 

47.5 

49 

48 


50 

55 

55 

58 
61 
62 
63 

64 
(66 
66 
66 
67 
69 
68 
70 
69 


45 

44 

44.5 

44 


46 

50 

52 
52 
52 
53 

64 

65 
65 
56 
56 
56 
56 
56 
56 


70  ;57 
G9   58 


5.30 

9.46 
10.05 

A.  X. 

«.18 


65   .54 


63 
62 

54.5 


53 
52 

48 


g  6 

.is 

< 


a 


186 

166 
166 
164 


168 
173 
180 

■ 

185 
192 
197 
202 

206 
210 
214 
223 
226 
228 
232 
282 
239 
216 
250 


250 

242 

239 

205 


. 


6* 

c 


18754 


264 
274 
301 


340 

344 

312 

320 
828 
336 
329 

336 


32054 


326 


55 
65 
156 


55 

55 

55 

53 
63 
53 
64 

54 


54 


32454 
33854 
33054 
33957 
855,57 
332i57 
334|57 
333  67 


213 


60 


228.5  49.S 

280  149 
229  49 


230  A9 

231  50 

I 
230  153 


30.00 

30.00 
30.00 
80.00 


280 


230  56 


230 


55 


57 


232  58 


284 


69 


284  .60 


338 


22u 
216 


190 


236 
236 
286 
235 
286 
1235 
234 
235 
235 


57 


67 
57.5 


67 


233 

231 
226 

217 


60 
61 
62 
62 
62 

63 
63 
63 


63 

59 
59.5 

65 


80.02 

30.01 

30.01 

30.01 
80.01 
30.00 
30.00 

29.99 
29  97 
29.06 
29.94 
29.93 
20.93 
29.93 
29.98 
29  91 
29.90 
29.90 


0.80O 

0.558 
0.660 
0.560 


29.91 

29.88 
29.87 

30.04 


0.570 

0.582 

0.575 

0.1^65 
0.678 
0.672 
0.660 

0.570 
0.674 
0.670 
0  671 
0.676 
0.664 
0.674 
0660 
0663 
0  563 
0.663 


0.653 

0  532 
0.488 

0.403 


3 

s 


8   G 


O 


X 


0.66  0.20 


6.OOI 
5.04 
6«04 


4.88 

4.76 

4.82 

4.93 
4.80 
4.86 


^ 

S 


i 


0.30 
0.40 

0.87 
0.41 
0.37 


0.34     973 


0.84 
0.3S 
0.38 


4.78  0.37 


4.88 
4.84 
4  88 
4.87 
4.82 
4.94 
4.8i 
4.98 
4.95 
4.95 
4.951 


6.04 

5.25 
6.67 

163 


0.87 
0.36 
a38 
0.35 
0«36 
0.34 
0.37 
0.38 
0.36 
0.39 
0^7 


0.34 

0.24 
0.24 

0.20 


li 


125 


238 


314 


1626 
1706 
2106 
2600 

3318 

3978 
4630 
6061 
6622 
6007 
0389 
6700 
7179 
7001 


110.00 


108.00 
108.00 


8699 

8699 
9169 

9102 


107.00 
115.00 

111.76 

108.60 
107.00 
114.75 
106.50 


The  period  of  steady  action  thu  dagr  10  from  9A.  7m.  a.  m.  lo  4A.  49iii.  p.  m.  <»  7ib.  4Siii. 
Coal  supplied  to  grate,  769.6  lbii.{  water  to  boiler,  6.649  Iba  ;  wU  of  ahMnratioaa 4akani  16{ 
water  to  1  of  coal,  8.641;  while  die  final  result  id  8.364. 
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(CUMBBRLAND)  COAL. 

M»  tkimn^}  email  furnace  in  action,  and  coal  in  thin  etratum  on  grate. 


i 
if 


%15 


8.37 

iL«7 


11.S6 
0.90 
1.46 

i.46 


•^1 

i 


38.4 

at.s 

36.9 
87.0 


89.7 

41.1 

43.8 

45.4 
42.3 
41.1 
43.7 

44.3. 

46.0 

45.0 

45.0 

44.1 

44.9 

45.7 

44.1 

44.9 

46.5 

49.5 


187     —26 


118.5 

117 

116 


118 

117 

135 

187 
181 
135 
139 

143 
144 
148 
157 
159 
159 
164 
163 
170 
176 
181 


-f35.5 
44 

73 

110 

118 
83 


43.4 

43.7 
41.1 

36.9 


185 

179 
177 

150.5 


90 

96 

106 

97 

102 
86 
90 
88 

103 
95 

104 

120 
98 
99 
98 


1.834 
0.599 
0.403 
3.491 


105 

—11 
—10 

—37 


3.306 
0.901 
3.649 
3.670 

3.744 
1.833 
1.664 
3.485 
3.353 
3.239 
1.947 
3.501 
3.3.30 
3.319 
2.236 


REMARKS.— Grate  nir&ce  14.07  square  feet;  length  of 
ciici]itQfliealedgaMel3l  feet;  height  of  diimiiaj  63  fteC 


Moraing  deaz;  wind  8  W.,  lights  cUnilile  weights  on  safety 

▼alfes. 
Commenced  firingt  water  in  boiierO.1  inch  below  nonml 

lereL 
Wood  eoansamed,  93  lbs.;  commenced  charging  with  eoal; 

steam  eaenipei  by  lemoting  aeeond  weight  from  valve  at 

7h*  364». ;  damper  set  at  6  inches. 

To  prereiit  priming,  the  water  in  boiler  to  be  kept  1  inch 

below  true  ntM'mal  lerel. 
Steam  allowed  to  escape  from  back  valve  at  8A.  35m.  a.  m. 

Smoke  20"  in  fetching  rhimaay  top;  syphont  033;  fiUed 
tank  at  9^.  55ift.  a.  nu 


Fire  in  full  action. 

Filled  tank  at  2A.  50m.  p.  m. 

Rcpioved  clinker  from  grate. 

The  first  charge  of  coal  contained  one  large  lump,  the  ninth 

was  all  line,  the  other  eig^  about  an  average. 
Very  little  smoke  from  chimney  to-day. 

Contents  of  ash  pit  thrown  on  grate  at  5^.  t5nk  p.  m. ; 

dampez  set  to  3  inches;  water  1  inch  above  normal  level* 
Water  0. 8  inch  below  normal  level;  damper  entirely  closed. 
Water  left  0. 18  inch  above  normal  level;  air  pent  wholly 

closed.     Experiment  terminated. 
Water  in  boiler  adjusted. 


CSnker 


RESIDUA. 


b^hid  bridge 


Total  ashes  and  clinker 
Dodnct  wood  ashes 


Tolal  waste  8rom  coal 


Paunda. 
43.75 
65.75 
5.906 

115.406 
.      6.286 

115.130 


Coke 


fiMi(froiBfimr 


6.75 
14.635 
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TABLE  LXUI.--DEDUCTI0N8  FIMUi 


1 

3 
9 
4 
6 

6 

7 

6 

9 

10 

11 

12 

13 

14 

16 

16 

17 

18 

19 

30 
31 
33 

38 

34 

3S 

26 
37 

28 
39 
30 
31 
'32 
33 
34 
36 
36 
37 
38 
39 
40 
41 

42 
43 

44 
46 
46 
47 


Nature  of  the  data  fnmiiAied  by  the  re^wctiTe  tibUs. 


Total  doratioin  of  Um  experiment,  in  boors  -  •  . 

Duration  <^  steady  action,  in  hours  -  -  -  - 

Area  of  grate,  in  aquare  feet  -  -  .  . 

Area  of  heated  sur&ce  of  boiler,  in  square  feet 
Area  of  boiler  exposed  to  direct  radiation^  in  square  feat 
Ntimber  of  dtarges  of  ceal  supplied  tagfate - 
Total  weight  of  coal  supplied  to  grate,  in  poundft 
Pounds  of  cod  actually  ooBsnmed   •  ->  -  • 

Pounds  of  coal  withdrawn  and  separated  after  trial     - 
Mean  weight,  in  pounds,  of  one  cubic  foot  of  coid     - 
Pomids  of  coal  supplied  per  hour,  during  steady  action 
Pounds  of  coal  per  square  foot  of  grate  mxtbct,  per  hour    '    - 
Total  waste,  ashes  and  clinker,  from  100  pounds  of  coal 
Pounds  of  clinker  akme,  from  100  pounds  of  coal 
Ratio  of  clinker  to  the  total  waste,  per  cent.  •  .  . 

Total  pounds  of  water  supplied  to  the  boiler  ... 
Mean  temperature  of  water,  in  degrees  Fahrenheit    . 
Poundsofwatersupptiedattheendof  experiment,  toTestjyrelcTel 
Deduction  for  temperature  of  water  supplied  at  the  end  of  ex- 
periment ----.. 

Pounds  of  water  evaporated  per  hour,  during  steady  action    - 
Cubic  feet  of  water  per  hour,  during  steady  action    - 
Pounds  of  water  per  square  foot  of  heated  surfiuse  per  hour, 
by  one  calculation  -  -  .  -  - 

Pounds  of  water  per  square  foot,  by  a  mean  of  several  obaer- 
vations  ..----- 

Water  evaporated  by  1  of  coal,  from  intial  temp<  (a)  final  re- 
sult       --.--.- 
Water  evaporated  by  1  of  coal,  from  initial  temp,  (b)  during 
steady  action       .-.--- 
Pounds  of  fuel  evaporating  one  cubic  foot  of  water    - 
Mean  temperature  of  air  entering  below  ash  iNt,  during  steady 
pressure-  ------ 

Mean  temp,  of  wet  bulb  thermom.,  during  steady  pressure    . 
Mean  temperature  of  air,  on  arriving  at  the  grate 
Mean  temperature  of  gases,  when  arriving  at  the  chimney 
Mean  temperature  of  steam  in  the  boiler        -  .  * 

Mean  temperature  of  attached  thermometer  ... 
Mean  hei^t  of  barometer,  in  inches 
Mean  number  of  volumes  of  air  in  manometer 
Mean  height  of  mercury  in  manometer 
Mean  height  of  water  in  syphon  draught  gauge,  in  inehes    -  - 
Mean  temperature  of  dew  point,  by  calculation 
Mean  gain  of  temperature  by  the  air,  beibre  reaching  grate    - 
Mean  diiference  between  steam  and  escaping  g^ases    - 
Water  to  1  of  coal,  corrected  for  temperature  of  water  in  cistern 
Water  to  1  of  coal,  from  212^,  corrected  for  temperature  of 
water  in  cistern  ------ 

Pounds  of  water,  from  212^,  to  1  cubic  foot  of  coal  - 
Water,  from  212^,  to  1  pound  of  combustible  matter  of  the 
ftiel        .--.--. 

Mean  pressure,  in  atmospheres,  above  a  vacuum 

Mean  pressure,  in  pounds  per  square  inch,  above  atmo^ere 

Condition  of  the  air  plates  at  the  furnace  bridge 

Inches  opening  of  damper,  (U.  upper)  .  -  • 


1st  THaL 
(TabULIX.) 


(kiobtr  14. 
36.76 
6.088 
14.07 
377.6 
18.75 
10.0 
1092.76 
1086  36 
7.6 
64.6876 
126.607 
8>988 
11.7922 
6.1776 
43.986 
9196.8 
66«.6 
38w8 

6.8 

1069.931 
16.968 

2.808 

3.779 

BAU 

8.871 
7.8894 

69<>.71 
63^86 
38r*.8 
316^.6 
384*».«7 
66''.36 
30.336 
4.813 
0.6764 
0.3888 
44<>.38 
177*^.29 
81<*.88 
8.466 

9. 7422 
632.29 

11.0446 
1.4882 
7.2104 

Closed. 

IT       8 


SdTriiA. 
(TabkLX.) 


Oefofrer  16. 
23.417 
7.717 
14.07 
377.6 
18.76 
10.0 
1878.76 
1#71.0 
7.76 
80.8376 
97.437 
8.934 
10. 98% 
4.0103 
36.618 
8641.8 
65«9 
88.8 

-      6.0 
819.797 
13:031 

3.166 

3.133 

7.97 

8.868 
7.8419 

«r>.8 

04^6 
180^.8 
830*».l 
332«.8 
68<>.336 
39.846 
4988 
0.6686 
0.D943 
48^686 
127^.4 
97°.7l 
7.97 

9.1779 
496.03 

10.3093 
1.443S 
6.5456 
Open 
D.      8 


^f» 
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TABLES  LIX,  LX,  LXI,  LXII. 
{Ownitrland)  coal. 


Sa  TruO. 

401  Tml. 

-A»wpg6*« 

UwmAB* 

(3Ukxxro 

iTahULXU,) 

OdoUrn. 

OcMer  18. 

S4.U 

83.883 

> 

\ 

e.4l7 

7,7 

1 
• 

U07 

14.07 

ST7.6- 

877.6 

' 

18*76 

18.76 

, 

10.0 

10.0 

107S.0 

1095.5 

1078.88 

1088.76 

2.6t 

'6.75 

6.155 

.£3^8 

.84;V76 

64.2875 

119.372 

99.93 

110.809 

On  the  fifst  dmfu  Idul)  Ike  met&M  wae  dear,  and 

8.477 

7.102 

7.857 

the  wind  northweit 

10.4744 

10.5736 

10.956 

' 

4.9088 

4^118 

4.6867 

48^818 

37«908 

41.886 

' 

8588.0 

9162.0 

, 

53^.6 

65<».2 

87.0 

488.0 

^                                                                                                                                    t 

8.0 

67*0 

1 

968.91 

863.6 

925.033 

15.407 

13.81 

14.799 

The  gre«te0t  rapidity  of  evaporatioQ  occurred  at  1^0 

first  trial,  when  ihBjIttii  were  dean. 

3.561 

2.287 

2.450 

2.643 

2.334 

. 

7.993 

8.8536 

8.1954 

The  two  results  (Ist  and  4th  trials)  with  air  plate 
ek$ed  are  "nearly  identical,  ae-  are  te  oifaer  tw<o» 

8.074 

a641 

8.8697 

obtained  with  air  plate  open;  but  the  i<ai#^  l«PO  will 

7.8194 

7.4818 

7.6316 

be  obaerved  to  &11  consideridJy  below  the  firsts  in« 
dlcating  that  no  economy  was  derived  fh>m  an 

88».47 

83«.77 

61^88 

63«.T2 

m 

316<».66 

21P.2 

213^515 

367«.6 

382^.0 

336''.526 

1 

8»l<'.81 

283^.2 

64«.44 

68^66 

29^888 

89;984 

4.8666 

4.874 

0.5714 

0.5705 

^ 

0.4086 

0.365 

0.889 

W.06 

44M7 

166^.00 

147<>.43 

151^8 

189<».86 

97^.18 

104*'.02 

7.983 

8.3536 

8.1954 

9^8283 

9.6253 

9.4419 

486.16 

527.23 

512.68 

ie.^981 

10.7694 

10.6088 

The  difference  in  ti>e  evaporative  eflect  of  the  nnit 

l;4709 

1.47M 

1.4696 

of  combaetaile  matter,  in  tlie  let  and  4th  trials. 

6.965 

7.0317 

6.9384 

may  be  in  part  aooounted  for  by  the  soot  which  had 

OpCIL. 

CloMd. 

accamolated  in  three  days. 

D.       12 

U.       6 

[  3«6  .]  1804 

No.  3. 
Bituminous  coal  sent  by  Captain  William  Easbjf, 
Tliis  sample  of  coal  was  accompanied  by  the  following  letter : 

"  Washinotoit,  January  13, 1843- 

*^  SiK  :  I  herewith  send  one  hogshead,  one  tierce,  and  three  barretsyof 
Cumberland  coal,  for  the  purpose  of  having  its  qualities  tested.  Will  vow 
be  pleased  to  dispose  of  it  as  you  think  proper  ?  The  coal  has  beea  takea 
from  a  new  mine  called  <  Coal-in-Store.'  The  casks  are  marked  <  William 
Easby,  Washington;  coal  from  Coal-in-Store,  near  Cumberland,  Mary- 
land.' 

^<  I  am,  sir,  very  respectfully,  your  most  obedient  servant, 

<*  WM.  EASBY. 

"  Captain  B.  Kennow /' 

In  its  exterior  characters,  this  coal  strongly  resembles  both  the  two 
samples  from  the  same  district,  which  have  already  been  described.  It  is 
composed  of  alternating  plies  of  a  bright  and  a  dull  black  color — the  former 
belonging  to  the  semi-crystalline  or  columnar  portions,  and  the  latter  to  the 
amorphous  or  slaty  parts.  The  partings  are  perpendicular  to  the  surfaces 
of  deposition.  These  partings  are  frequently  marked  with  small  eircular 
and  other  spots  of  sulphuret  of  iron.  Fractures  do  not  readily  take  the 
direction  oi  the  horizontal  partings^  so  as  to  display  the  forms  of  organic 
bodies. 

The  specific  gravity  of  two  specimens  was  takea,  The  first  gave 
1.8046,  and  the  second  1.3092 ;  the  mean  of  which  indicates  a  weight  in 
the  solid  coal  of  81.685  pounds  per  cubic  foot 

'  Eleven  trials  in  the  charge  box  gave  the  mean  weight  per  cubic  fioot 
53.466  pounds,  or  0.6545  of  the  calculated  weight  derived  from  the  spe- 
cific gravity.  It  proves  that  41.896  cubic  feet  of  space  will  be  required  for 
the  stowage  of  1  ton.  The  moisture,  determined  from  the  two  spedmens 
above  referred  to,  was  0.804  for  the  first,  and  1.07  for  the  second  ;  or  a 
mean  of  0.937  per  cent. ;  28  pounds,  dried  in  the  steaming  apparatus,  lost 
only  3  ounces,  or  0.6696  per  Cent. 

The  volatile  matter,  other  than  moisture,  was  in  the  first  specimen 
14.811,  and  in  tlie  second  15.158  per  cent,  of  the  weight  of  raw  coal. 

A  higher  proportion  of  earthy  matter  was  found  in  the  specimen  whidi 
bad  the  highest  specific  gravity — ih^  first  giving  as  the  mean  of  the  two 
trials,  differing  but  little  from  each  other  in  result,  4.056  ;  and  the  saeond, 
by  two  identical  results,  gave  6.52.  Hence,  of  these  two  specimens  we 
have  the  composition  as  follows : 

Moisture  .  .  .  « 

Other  volatile  matter     -  .  - 

Ashes     -  -, 

Fixed  carbon     .... 


8|>etiiiicn  a. 

8peciinen  h 

0.804 

1.070 

14.811 

15.158 

4.a56 

6.590 

80.SC9 

77.852 

100. 

100. 

Fixed  to  rolatile  combustible  as  -     5.423 : 1  5.096 : 1 


%t» 


imi 


The  colSB  is  hi  a  weBrforaifd  mass ;  the  parts  completely  agglutinated, 
haTiDg  a  striated  surface^  silky  lustre,  and  porous  texture. 

The  combustion  of  1,158  pounds  of  this  sample  left  97.09  pounds  of 
waste, cotnposed  of  15.5  pounds  of  clinker, and  81.59  of  ashes;  or  the 
whole  was  8.3846  per  cent,  of  the  coal  burned.  The  ashes  lost  by  rein- 
eioeration  in  the  platinum  capsule  12^87,  and  the  clinker  1.143  per  cent. ; 
io  that  the  actual  quantity  of  incombustible  matter  left  in  the  furaace  was 
but  S4.83  pouods,  or  7.335  per  cent,  of  the  coal  burned. 

The  ashes  weigh  39.01  pounds  per  cubic  foot,  and  the  clinker  29  pounds. 
The  latter  is,  in  all  respects,  similar  to  that  obtained  from  the  precedii^ 
samples  of  coal,  and  bears  to  the  total  waste  the  relation  of  15.9  per  cent. 

Of  soot  and  dust,  there  were  found  in  the  flues  5.25  pounds,  weighing 
at  the  rate  of  16.68  pounds  per  cubic  foot ;  and  of  which  47.39  per  cent. 
was  either  volatile  or  combustible  matter,  and  52.61  ashes  of  a  reddish- 
gray  color.  This,  added  to  the  waste  from  the  furnace^  makes  the  total 
waste  from  the  coal  8.083  per  cent. 

The  ashes  of  this  sample  (both  those  from  the  hand  specimens  analyzed, 
sad  those  from  the  furnace)  are  almost  identical  in  color  and  other  sensi- 
ble properties  with  those  from  the  coal  of  Messrs.  Atkinson  &  Temple- 
man  ;  the  latter  having  only  a  slightly  darker  tint  in  the  residue  fVom  the 
ishes,  and  a  trifle  lighter  one  from  the  clinker.  They  seem  to  indicate  that 
both  came  from  the  same  member  of  the  coal  series. 

The  time  required  by  this  coal  to  bring  the  boiler  to  steady  action  was 
1.75  hour.  The  quantity  of  coke  left  on  the  grate  was  18.25  pounds. 
Both  these  circumstances  indicate  greater  difficulty  in  exciting  and  sustain- 
ing combustioQ  than  had  been  experieneed  in  the  preceding  sample. 

A  trial  of  heating  power  by  the  oxide  of  lead  resulted  in  producitig  of 
metallic  lead  30.155  parts  for  each  part  of  coal  employed.  As  the  mois- 
ture and  earthy  matter  together  were  7.83  per  cent,  of  the  raw  coal>  the 
Santity  of  combustible  matter  by  which  the  reduction  was  effected  was 
.17  per  cent    Hence  the  kad  to  1  of  combustible  is  32.695. 

For  the  purposes  of  smith  work,  domestic  use,  the  production  of  illu- 
minating gas,  and  the  manufacture  of  iron,  the  same  general  remarks  will 
apply  as  were  made  in  reference  to  the  sample  last  described,  with  the 
additional  advantage  to  this  sample  of  a  greater  freedom  from  earthy  matter. 
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REMAIIKS.— Grate  sur&ce  14.07  square  feeU  length  of  c^- 
I  ^1    cuit  of  heated  gissea  131  feet;  height  of  chimi^y  63  feat 
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Water  0.63  inch  helow  normal  level;  fire  kindled  at  5A.  1  Im. 

a.  ni« 
Wood  consiimedt396.5  ponnda;  commeaaed  '^K^Tp'ig  with  coal. 
Second  wei^t  removed  from  valve,  and  steam  blows  off; 

damper  set  at  8  inches. 
Air  plates  opened  at  6h,  I5m.  a.  tn.;   morning  dear;  wind 

8W.,  light 

Placed  38  pomkb  of  thb  coal  in  drying  f^ftaratus. 


But  Uttle  moke  at  cbimnev  top  alier 

Cold  oil  put  in  tube  in  boiler  for  thennomoter. 

Filled  tank  at  U/L  35m.  a.  m. 

Commenced  drawing  gases  at  11  A.  iOm.  a.  m.;  drew  in  30 
minutes  100  cubic  inchea,  which  gave  water  1.53  grain) 
carbonic  add,  4.71  grains;  oxygen,  11.87  cubic  inchesi 
temperature  of  bath,  88^;  dew  point,  by  observati<m,  73^{ 
1^  calculation  at  same  time  and  place,  73^. 

Ab  plates  closed  at  lA.  20f?i.  p*  m.;  commenoed  drawing 
gases  a  second  time  at  lA.  54m.  p.  m.;  drew  in  34  min^ 
utee,  100  cubic  inches;  which  gave  water,  1. 16  gvain;  car* 
borne  acid,  3.72  grains;  oxygen,  11.76  cubic  indiee; 
temperature  at  bath,  90^. 

Dew  point,  by  observatioii,  (at  4A.  14m«  p.  m.,)  73^. 
Filled  tank  at  6k,  35m.  p.  m. 
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Area  of  heated  surface  of  boiler,  in  square  foet       -            -             -  - 

Area  of  boiler  exposed  to  direct  radiation,  in  square  feet      -             .  . 

Number  of  charges  of  coal  supplied  to  grate  _  .  .  . 
Total  weight  of  coal  supplied  to  grate,  in  pounds   -            -            - 

Pounds  of  coal  actuall  J  consumed               .            -             .             -  > 

Pound*  of  coal  withdraWn  and  separated  after  trial               -            -  • 

Mean  weight*  in  pounds,  of  one  cubic  foot  of  coal               -             -  - 

Pounds  of  coal  supplied  per  hour,  <)unng  steady  acfkm       .            .  . 

Pounds  of  coal  per  square  foot  of  grate  surlace,  per  hour     -             -  - 

Total  waste,  ashes  and  clinker,  firom  100  pounds  of  coal     -            -  - 

Pounds  of  clinker  alone,  from  100  pounds  of  coal  -            -            -  - 

Ratio  of  clinker  to  the  total  waste,  per  cent.            -            -             -  - 

Total  pounds  of  water  supplied  to  the  boiler           -            -            -  - 

Mean  temperature  of  water,  in  degrees  Fahrenheit               -             -  - 
Pounds  of  water  supplied  at  the  end  of  experiment,  to  restore  level 
Deduction  of  temperature  of  water  supplied  at  the  end  of  experiment 
Pounds  of  water  evaporated  per  hour,  during  steady  action 

Cubic  feet  of  water  per  hour,  during  steady  action  -  -  - 
Pounds  of  water  per  square  foot  of  heated  surface  per  hour,  by  one  calculation 
Pounds  of  water  per  square  foot,  by  a  mean  of  several  observations  - 

Water  evaporated  by  one  of  coal,  from  inittal  temperature  (a)  final  reoult  - 
M''ftter  evaporated  by  one  of  coal,  from  initial  temp,  (b)  duruig  steady  action 

Pounds  of  fuel  evaporating  one  cutiic  foot  of  water               «            -  , 
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Mean  temperature  of  attached  thermometer  -  .  -  _ 
Mean  height  of  barometer               .-*-,- 

Moan  number  of  volumes  of  air  in  manometer        -             .            -  . 

Mean  height  of  mercury  in  manometer      -            -            -             -  - 

Mean  height  of  water  in  syphon  draught  gauge      .            .             .  . 

Mean  temperature  of  dew  point,  by  calculation      -            -             -  - 

Mean  gain  of  temperature  by  the  air,  before  reaching  grate  -            -  - 

Mean  difference  between  steam  and  escaping  gases              .            .  . 
Water  to  one  of  coal,  corrected  for  temperature  of  water  in  oisteni  - 
Water  to  one  of  coal,  from  212^,  eeneetMl  for  temp««lara  of  w»ter  in  dstem 

Pounds  of  water,  from  213°,  to  one  cubic  foot  of  coal        -            -  - 
\\'ater,  from  212°,  to  one  pound  of  combustible  matter  of  ths  fiofll  - 
Mean  pressure,  in  atmospheres,  above  a  vacuum    -            •     .        - 
Mean  pressure,  in  pounds  per  sqtMro  ijKh,  above  ■fiiwwphfre 
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*  In  nearly  all  the  Cumberland  coals,  it  appears  that  the  water  to  one  of  coal,  by  tile  exHctCMaa 
for  K  fM^resolt,  is  lees  than  that  during  the  assumed  period  of  steady  action.  Tlus  •risea»  no 
diolily  from  over.0ati]niitiog  the  weight  left  oatbe  grate  at  the  teraunntioii  of  tiist  period.  The 
haUti^  quantity  of  waste  then  fillhig  the  grate  may  have  veiy  naturalklad  to  tlus  result* 

t  By  a  preceding  discu«ion»  (s^  pag«  8(V  >MM»)  the  yelodty  of  the  motTon,  of  ^  at  otibtaaey 
teoBpantture,  when  the  gauge  is  .333,  £ould  be  about  12.08  feet  per  second.' 

t  The  air  plates  were  kept  open  for  tbont  half  the  pnio^ofthiftrid.  *  -  ■' - 


SUuminous  ftt^^-kuming  coal  from  Atkinson  fy  ^emplemanj  qf  Cum-- 

b^rlandf  Maryland. 

In  feply  to  ^^  inquiry  relative  to  the  origin  of  this  sample,  the  following 
iQ^MTD^tion  was  received : 

'<  Cumberland,  Martland,  March  16, 1844. 

^'  Drar  Sir  :  Tour  favor  of  the  Idth  instant,  in  regard  to  our  coal,  came^ 
to  hand  in  due  time,  and  we  hasten  to  reply. 

^<  The  aaoaple  lo  which  you  allude  was  taken  from  a  vein  9  feet  some 
inches  in  thicknesa,  on  the  eastern  slope  of  Dan's  mountain,  about  40  feet 
below  Ihe  surface  of  the  earth,  on  a  stream  known  by  the  name  of  Clary's 
run,  two  miles  south  of  the  national  road.  The  vein  is  solid,  and  without 
slate,  ^d  now  worked  so  as  to  be  mined  in  lumps.  The  sample  sent  was 
taken  direct  from  (he  mines,  and  must  have  been  mined  from  two  to  three^ 
weeks  before  received  by  you, 

"  We  are,  dear  sir,  your  obedient  servants,  • 

"  ATKINSON  «t  TEMPLEMAN. 

"  Professor  Walter  R.  Johnson, 

"  Philadelphia.'^ 

The  character  of  this  coal  is  that  of  a  mixed  columnar  and  slaty  mass ; 
the  former  being  possessed  of  a  deep  shining  jet  Wack  color,  a  friable  con- 
sistence, and  occasionally  a  striated  surface,  with  a  semi-conical  radiated 
arrangement  of  the  strias.  The  main  partings  are  ^perpendicular  to  the 
surfaces  of  deposition  ;  but  the  cross  cleats,  or  partings,  are  oblique  to  * 
both.  Beautifully  iridescent  surfaces  are  occasionally  met  with.  Thin 
plies  of  sulphuret  of  iron  are  visible  in  some  specimens;  and  specks  of 
the  same  in  an  efflorescent  state,  having  developed  the  sulphate  of  iron, 
are  apparent  after  some  twelve  or  fourteen  months'  exposure  to  the  air. 

The  specific  gravity  of  two  specimens  was  found  *no  be,  respectively, 
1.323  and  1.305 ;  from  the  mean  of  which  the  calculated  weight  of  a  cuUc 
foot  is  82.09  pounds. 

The  mean  weight  of  the  same  balk  of  coal,  as  weighed  in  twenty-two 
charges  of  2  cubic  feet  each,  was  found  to  be  52.92  pounds,  or  0.6446  of 
the  computed  weight.  Hence,  the  bulk  required  for  the  stowage  of  1  ton^ 
is  42.328  cubic  feet. 

This  coal  appears  to  have  very  little  tendency  to  absorb  moisture.  In, 
the  analysis  of  the  first  of  the  above-mentioned  specimens,  it  gave  but 
0.53  per  cent,  of  loss  after  heating  to  300°;  the  other  specimen  weighed- 
exactly  the  $ame  afier  drying  as  it  did  before. 

A  trial  of  28  pounds  in  the  steam  apparatus  over  the  boiler,  for  two  days^^ 
caused  the  expulsion  of  only  2  ounces  of  moisture,  or  0.446  per  cent. 

Tb#  volatile  matter,  other  than  moisture,  expelled  in  cokisg  at »  bright 
red  heat,  was  found  to  be,  in  one  specimen,  coked  wii^  but  modMste  ra* 
pidtly,  18.536  per  oeo). ;  in  the  other  specimeo,  it  was  found,  by  a  rapid 
applicstioR  of  heat,  to  be  17/411  per  cem. 

On  inoinevaling  the  first  specimeB,  the  •iv^y  matter  vrats  found  to  be 
h.th^y  that  of- the  second  5.239  ;  the  one  posseisiiig  the  higheet  speeiie 
gmvi^  giving  (as  most  commonly  faappdos)  thi-greuoer  pioponkm  of  »bos» 
14 
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From  these  data,  it  appears  thit  tfae  two  specimens  are  composed  as 
follows  : 

Of  moisture  -  -  -       *  - 

Of  otlier  volatile  matter        ... 
Of  earthy  matter      •  .  -  . 

Of  fixed  carbon        .... 


Bpecimte  0. 

^peeauta  b 

0.530 

0.000 

12.536 

17.411 

5.(153 

5.i39 

81.281 

TtiSO 

too. 

100. 

Hence,  xh^  fixed  carbon  left,  after  slowly  coking  a^  was  6.483  times  as 
heavy  as  the  volatile  matter  expelled  ;  and,  after  rapidty  coking  bj  it  was 
but  4.442  times  as  heavy.  Hence,  the  advantage  of  slew  coking  for  eco- 
nomical purposes,  as  will  be  further  developed  hereafter. 

In  the  two  trials  of  this  coal  unde^*the  steam  boiler,  there  were  con- 
sumed 2,3l8.ii5  pounds.  From  this  were  derived  188.708  pounds  of 
waste,  made  up  of  1 33.958  of  ashes,,  and  49.75  of  clinker.  Hence  iht 
mean  per  cefttage  of  waste  is  7.925;  that  of  the  ashes  being  5.779,  and 
that  of  the  clittker  2.146. 

Reincineratiiig  the  ashes  caused  them  to  lose  11.85  per  cent,  of  their 
weight,  and  the  clinker  0.485  per  cent. ;  so  that  the  former  is  reduced  to 
5.094,  and  the  latter  to  2.042  per  cent,  of  the  weight  of  coal ;  or  the  total 
earthy  residuum  thus  derive*d  from  the  furnace  is  7.136  per  cent. 

There  were  obtained  from  the  flues  after  two  trials  Hi  pounds  of  soot ; 
of  which  10.6  per  cent,  were  found  to  be  matter  volatile  at  a  red  heat, 
beitig  doubtless  salt^  of  ammonia ;  49.5  combustible  carbon,  and  39.9  a 
light-colored  ash,  very  similar  to  that  derived  from  the  reincineration  of 
the  ashes.  Of  the  carbon,  a  considerable  portion  must  have  been  derived 
from  the  wood  used  in  heating  up  the  apparatus  during  the  experiments; 
of  which  502J  pounds  had  been  employed.  The  coal,  therefore,  gave  for 
total  waste  7.334  per  cent,  of  absolutely  incombustible  matter. 

A  trial  of  this  coal,  by  separating  nearly  equal  small  fragments  from 
forty  specimens  of  the  sample,  was  made,  in  order  to  ascertain  the  practi- 
cability of  deciding  by  this  means  the  average  constitution  of  the  coal. 
The  mixture  of  these  fragments  was  completely  pulverized. 

When  thoroughly  dried,  it  lost     -  -  -  -    0.508  per  cent. 

When  coked  to  bright  cherry  red  heat,  it  lost  in  addition  15.533        « 
When  completely  incinerated,  it  left  of  light  pink-colored 

ashes    -.-----  10.372        « 
And  showed,  of  course,  the  amount  of  fixed  carbon  to  be  73.588        ** 


100. 


From  this,  it  appears  that  the  fixed  curbon  is  4.738  times  the  weight  of 
the  Tokuile  oombustible. 

The  clinker  is  mostly  in  small  fmgments  of  a  light  hxown  passing  ipto 

a  yellow  color.    The  tendency  io  vitrification  is  very  moderate,  uad  is 

coofined  to  the  daricer  eoltaed  portions.    The  rest  appears  t^  be  adberiog 

muoea  of  slaty  fragments,  constituting  the  larger  portion.    It  manifests 

.  no  tendency  to  adhere  to  the  gmt^  bars.    The  ratio  of  clinker  to  the  UHal 


^11  [EasB^ 

irtute  Ui  tmt  tt^  P«f  cint.    Tbe  iblcDr  of:  t^^ r piUrfariadd  iriidl  tripeite* 
rated  clinker  k'>a  light  fsddish.  browns  of  li|e>iiidhRi,«  filfohiitigiilia  iiit 
•of  rdd^ttDOffomthv^oot^  a»he^  of  a/stf|l  Jighfer^^ibr 
<ji»iMJ«iiigb8lm^  dl.as^  th».asbea^8.9te|.  aad^e  npt^  15/77  pKNiodaiper 
cabic  foot. 

Tbe^tinie  requunad  for  Ihts  coal  to  bring  the  hoiier  io  a  inriCbnarafe  of 
evaporation^  was  in  the  first  trial  0.75;  and.  in  the  second  l;2l%:  botvv^r 
a  tride  lees;  on:  an*  average,  than  one  houcffocn  the  cime  when  tfaeohkigitig 
eommeneed* 

The  ireiglit  of  coke  left  unbinnt  was  in«  the  fitst  trial  but  4.37i^;aQdiia 
tbe^  8e0otki  onljr  5«S75.  pounds;  while  that  left  in  >  the  diuker  andrlaa^s 
amoantedy  as  above  shown,  to  only  0.789  of  one  per  cent.  All  tbeaei  Alois 
indicate  great  fkciKty  in  comoiendng  and  conrihuing  the  ignition.    « 

The  iriatsof  this  coal  w  both  the  smith  shops  gave  great  ^atitfattion. 
Sixty  pounds  of  it  in  tbeflhain  shop  were  lound  sufficient  to  make  eight 
links  of  a  chain  cable  formed  of  iron  1|{^  inch  in  diameter ;:  And  thasame 
weight  again  tried  on  a  chain  li  inch  -in  diameter  was  found  sufficient  to 
make  eighfeen  linka    It  makes  a  donsOiand  hot  fire,  with  moderate  laAe. 

In  the  anchor  shop,  it  was  |bnnd  to  make  a  hoUonv  fire  of  moderata  soe, 
strong,  and  durable.  The  only  circumstance  detracting  at  all  from  ils  ^tallie 
was,  that  the  cinder  was  rather  coo  buUcy,  tsnding  somewhat  to  obstruct 
the  tuyeres. 

As  a  fuel  for  domestic  purposes, it  possesses  on  the  one  hand  afiame 
abundantly  sufficient  to  give  cheerfulness  to  theaspeetpf  a  parlor  fiwyand, 
on  the  other,  a  durability  approximating  that  of  some  of  the  lightei  an^ 
ihmcites.  The  proportion  of  gas  is  too  small  t($  render  it  available  for!  illu- 
minating purposes-^-especiaUy  where  it  oemies  in  competition  wiihiooabof 
the  highly  bituminons  class,  as  those  of  Pittsborg,  of  Richmond,  of  Nova 
Scotia,  t>r  of  Great  Britain. 

As  a  furnace  coal,  for  the  manufacture  of  iron,  it  will  be  found  ^mtDg 
the  best  of  the  bitummous  class,  since,  ehher  with  or  without  ptwious 
coking,  it  may  be  very  advantageously  employed  in  the  blast  fomace*-  It 
is  very  similar  in  constitution  lo  the  furnacecoals  of  Merthyrand  LlamUy, 
in  Wales,  with  the  exception  of  possessing  a  greater  proportion  <tf  oiathy 
matter. 

A  single  trial  for  heating  power  by  the  oxide  of  lead  of  speoiineQ  b, 
above  referred  to,  (having  the  lowest  specific  gravity,  and  thailsml  of 
earthy  matter,  resulted  in  giving  28.49  times  its  weight  of  matalUorlMd. 
Deducting  the  weight  of  earthy  matter,  this .woeld  be  3(K0#  pa^  of  lead 
to  one  of  combustible. 

The  sample  of  eoat  in  a  box  acoociipan3fiDg  this^iaod  conasling-of  :\csa 
than  200  pounds,  stated  to  be  from  the  **  Forks  of  Jennu^s  ruH,^'  Ifbich 
are  6fmile&  above  Comberland,  was  too  small  m  quantity  for  aitrial  Under 
the  sc^am  Mii^r. 

Its  ^trarftcterki^tbal  of  a  ^Viobleooal  of  oofaRtoarr  atttiotunre^fajlmg^mosily 
rato  «ladr>  having  a  shining  jet  black  color,  smA  being  mnchimdtas  Aee 
from  slaty  matter  than  most  of  the  samples  of  coal  from  the  ^nmliirtyii 
district  which  have  fallen  under  my  observation.  It  seems  to  have  been 
carefully  selected,  or  at  least  much  more  skilfully  mined  than  generally 
iiappens  in  that  region. 

Sixty  poimds  of  it  in  the  chain  shop  were  found  adequate  to  the  making 


>  «(f  teigkt  Unht  6f  a  ohain  l^f  ineh  in  dianetf er.  It  wa,  aoMoqtrtfttly,  t^oal 
m  iHttliyih  ioi  $ke  otiMr'aamples  sent  by  the  satiM  pHQpriatois* 

lQihsiandbor.abop'it  wts  inncid  very  fiivimJble  fi»r  the  i^ifimaiMAee  pf 
•qiall  >w»p'k,¥ery  ipure^miikiDga  strong  beaiy  bm  aUogeihfir  wmuMi  for 
forming  a  hollow  fire. 

' teas  office  grate,  a  pottion;  in  a  rather  too  fine  stale  ^emt  aqeh  applica- 
lian^  man  foukid  to  take  fire  promptly  vhen  laid  oa  a  rather  dull  aothraoite 

\^y  burning  with  Utile  or  no  amoke,  and  with  a  flame  of  modMate  length. 
As  the  amount  of  vaporizable  matter  is  far  less  than  in  many  highly  bitu- 
nfiCMmi  coals,  it  exhibit  a  prompt  ignition,  and  nooeef  that  ^im>qMering 
a^hy  which  the  latter  generally  display  when  &st  heated  upon  the 

.  Igcata. 

The  specific  gravity  of  Jennings's  run  coal  is  1.30B2,  which  is  identical 
walh'that  of  one  specimen  from  the  large  sample.  Its  volatUe  matter  was 
t^  per  cent ;  also  nearly  approximatiug  the  weight  of  the  same  material 
found  in  that  specimen. 

Its  earthy  matter  was  6.53  per  cent.,  or  a  very  litde  above  ^  mean  of 
ikieAwo  specimens  abore  referred  to.    Hence  the  ratio  of  the  volatile  mat- 

.  ter  to  the  fixed  carbon  is  one  to  4«5S6.  The  calculated  weight  of  a  cubic 
foot  IS  8l«B3  pounds. 

The  coal  is  very  friable,  beiug  composed  almost  wholly  of  columnar  plies , 
separated  by  thin  films  of  pyritous  matter,  which  easily  effloresces,  develop- 
ing white  lines  of  sulphate  of  iron.    A  specimen,  which  has  been  fourteea 

,  months  in  my  possession,  is  already  disintegrating  from  this  cause,  and  ^1- 
ing  into  powder. 

I  have  referred  above  to  the  relation  of  the  saoaple  of  coal  now  under 

.  coneideration  to  some  of  those  found  at  certain  celebrated  localities  in 
Wales.  The  same  relationship  may,  in  general,  be  traced  between  all  the 
samples  of  free-burning  coals  both  of  Maryland  and  Pennsylvania,  and 
those  of  some  one  or  other  of  the  great  mining  and  iron  manufaciuriDg 
^isirkts  of  that  country.  To  facilitate  comparisons,  I  offer  the  folio wiug 
condeased  view  of  the  results  of  very  numerous  experiments  on  the  proxi- 

.  mate  composition  of  coals  used  at  some  of  the  most  celebrated  of  those  es- 
tablishments. The  experiments  are  those  of  >lr.  David  Mushet,  and  are 
contained  in  his  valuable  work  on  iron  and  steel.     The  coals  rt^^erred  to 

'  c^lie  locality  were  mostly  from  different  beds,  or  from  difierent  plies  of  the 
'siMM-b^«  They  are  generally  used  at  forgos,  rolliog  mills,  and  blajst  fur- 
naibesyfer  the  manufacture  of  iron. 

^  The  series  in  the  table  commences  with  siieh  as  are  ratliet  more  bitumi- 
nous than  any  of  the  free-burning  class  describled  in  this  report,  and  pro- 
ceeds with  those  of  less  and'  less  bituminousness,  until  it  reaches  the  true 

^*  antbimoites,  containing  aboiUt  the  same  amonnt  oi  tcdatUe  ng^aUer  as  that  of 
'  Lien's  vafiey,  heretofore  described. 

The  table  shows  in  ;part  the  remarkable  variety  of  mal^ri^s  found  in  the 
great  Welsh  coal  field,  and  the  resemblance  which  it  be^rs  to  the  soutbera 

'  anthracite  field  of  Penneyifiaitia,  Which,  aa^lsei^.bere  Ma|e4^  is  ik^w  known 

'  to  aflfotd  bituminous  oeal  at  one  etla:emiiy>  and  pui:e  antiur^c^te  at  the 

I. 
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TtiSidM  fg^  ^Oi  ^rbjcM6itt  Composition  of  WeUh  furnace  coala. 
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GAti^  tiUiv^  and  aiher  charaHer*  of  tUt  ioalt. 


(T.)  Stractore riditriDlxed  of  jeed; and  gtuubi',  or «lki)fiy  ghbUUiri  *^  Kfgtil'And^iiBliigi 
Moocntric  ciKiM  aoineluM*  art  ipp^iit  at  the  fractures. 

(S.)  Pcnmigemi*!!? '^oiabcadBli  itractaregiuiulw;  miaeI■liwdcbalcoaltnUnn^^mdlI^ 
iMoiiMi  cro*  (MKingfl  imir^  or'  l«n  imsulir. 

(9.)  Structure TuiaUei  reed;  and  granular  iutvmixed;  Bomelimei ojitalbiid,, ipeciil^,  gboct^,, 
or  uUhndtouB.  .         '     - 

llO.)  Eiatrbrigbt^  im4^.  In  K^uUf  laming  oriinoMctedBtii^aiiglubjpahingiprAdwii^  . 
brinlenem;  color  innclimea  dull  black,  huing  no  proper  cleaT^fgei  at  atltna,  the  aspect  ia  that  i 
beauti&il  glance,  tuTUig  tnuiule  ahihhig  lauiiniE  oUii)ue  to  the  sur^ara  of  depoution. 

(11.)  Structure  ■omcdmte  compact,  minutely  laminated.  Some  varietieehaveareeduiMaobliiiil* 
lo  tbe  b(d;  lome  are  pvphitie  in  appearance,  and  othere  partlj  bituminons  and  partly  anthradtoui. 

(12.)  Several  of  theae  varietiee  are  entirely  anthracitoui  in  character,  and  undei^o  no  change  of 
feria  in  cokbigt  otbera  have  the  oiual  characteruttc  of  dry  bituminous  coal*. 

(13-)  AU  ttMM  Tuietiea  are  tme  anthracdtes;  •tmcture  alatyj  ctdor  brilliant  black. 

(14.)  Some  of  IbeM  are  decidedly  anthracitou*,  othen  contain  bitmninoua  cement  between  the 
pliea,  Biul  olhm  ittll  ■!•  entirety  bituminoua.     Thi*  ia,  indeed,  a  fnuuifion  coal. 

(15.)  RegnUrlj  cyatatljied,  granular,  or  shining,  without  regular  deavageii  wAeet 
plambaginoitt. 

(IB')  Bright,  ddning,  pitchy;  grows  more  brilliant  by  pulveriiing. 

(17.)  AD  thcM  are  true  autfanKit«a,  with  the  ndinarjr  characters  pertaining  to  thMcltM. 
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First  trial — upper  damper  8  inches  open  ;  air  plates  openj 
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The  period  of  steady  action  is  tttna  9A.  a.  m.  to  6A.  19m.  p.  m.£s9A.  19m.;  coal  supplied  to 
the  gT^»  911.25  lbs.;  water  to  the  boiler,  8,934  lbs.;  water  to  1  of  coal,  9.491;  20  sets  of  obser- 
^atioin  taken  during  the  period. 


IMIBWSMAS'-a  (CUMB88LASFD)  COAL. 
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sno 

71 

1,791 

Eleventh  chng^  hunpa  with  fine  coa|. 

■■*■-"" 

78.9 
78.0 

812 

77 

3.189 

_ 

'.     49 

........ 

Water  in  boiler  left  at  I  inch  above  nonnel  level;  damper 

reduced  to  4  incbei. 

70.7 

146 

—14 

Water  found  1.46  inch  below  normal  level. 

. 

71.4 

146 

—10 

- 

HESIDU.V.                                                         PounA. 
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Adm from  bdiinJ biid^         -           -           -           -         .-           -           -           -     COB 

93.00 
IMadwoodMha '"S 

Cofe. 

indudin 

mcoal 

g»P0H 

MtlfroD 

behind 

91.773 

the  bridge           -----    4.375 

£am  2 


94«^ 


Second  trieti^^ffptt  Tdampur  6  inehek  ^p^ ;  Air  ptme^dlmitt; 


Date. 


eif^f!^ 


TBMPI&ATUKBS  OF  THB 


Hoiiirt 


8q>t2d 


A*  lit. 

A.  M. 

6.43 


7.00 

rao 


70 
80 


7.65 

8.80 

0^.60 

9.30 
10.00 

10.80 

11.00 
ll.«5 


F.  It. 

0.00 

a 

0.80 

1.00 
1.30 
S.OO 
8.30 
8.00 
3.30 
4.00 
4.30 
5.00 

5.30 


5.45 

A.  M. 

5.28 
'6.08  |73 


bo 


^1 

11 


80 
84 

tti 

87 
86 

(87 

«t 

187.5 


87 
86 
86 

w 

86 
84 
84 
82 
82 
81 
80 

80 


79 
72 


I 

.A 
I 

X 


73 

74 

74 
74 


175 
75 
176 

76 

74 

t76 
76 


77 

76 

76 

75 

75.5 

74 

74 

73 

78 

73 

72 

72 


71 

67 
67 


J 


1^ 
•I 


«1^'«02'»1 
1^  272  8t 


200 


106  288 


195 

203 

216 

228 
242 

i54 

. 

260 
262 


J 
•g. 


f 


I 


240 


310 
327 
313 

^12 

318 

: 

331 


I 
.S 

I 


81 
81 


272 

276 

281 
286 
290 
291 
294 

298 

310 

310 


310 


212 


818 

318 

328 
331 
324 
890 
828 
•80 
328 
310 
315 

831 


306 

198 

21 1|  198 


H 
77 

rr 
rr 

77 

78 

78 
78 


■ 

J 

J 

.9 


216 

Mo* 

232 
232 


78 

80 

80 
00 


t2M 

232 

1232 


231  85 


9il     06' 

232  115.6 
2^  (M 


80 

80 

80 
80 
80 
80 
80 
80 
79 
79 
79 

79 


79 

79 
80 


231 


232 

231 

232 
292 
232 


6 


80 
81 
8d 


85 


J 


n 


30.05 


I 


M.^. 


30.00  0.3^  H9.71 


30.03  0.546  5.14  '  0.21 


0.140 


30.05    0.54% 
iio!o5|  '0.5diM  5.04 
0i55]&    5.0O 


30*04 


30.06    0.53t» 


30.06 


30.06    0.531ft    5.22 


231 
291 
232 
231 
231 

281 


9$ 

84 

64 
84 
83 
93 
82 
81 
81 
80 
80 


230     79 


215 
214.5 


79 


75 
73 


30.05 

30.05 
30.06 


80.04t 

30.04 

30.04 
30.04 
30.04 
30.04 
30.04 
30.08 
30.08 
90.04 
30.04 

30.04 


30.0i 

30.08 
30  08 


0.544 


0.53M 

0.556 
0.554[ 


0.548 

0-.d56 

0^555 
0.555 
0.554 
0.555 
0.550 
0.553 
0.651 
O.55II 
0.558 

0.558 


0.543 

0.402 
0.353 


"9 


-.3 


0.12 


5.17 
5.17 


5.20 
5.13 


5.25 

5.02 
5.43 


5.10 
5.02 


5.00 


§  < 


0.26 
0.30 

0.38 

0.28 

0.32 
4.34 

0.31 

0.36 
4.32* 


0.30' 
0.31 


5.02 

0.32' 

5.02 

0.34 

5.03 

0.34 

5.02 

0.35 

5.08 

0;dO 

5.04 

0.34 

5.06 

030 

5.02 

0.34 

5.00 

0.35 

0.35 


5.14      0.25 


6.54 
7.02 


0.13 
0.15 


t 
? 


180 

m 

1044 
1384 


1974 
2628 

3lM 

$560 
999o 


1 

I 


4519 

5191 

5610 
6297 

6716 ; 

7036  I 

7714 

8129 

4615 

9109 

9520 


10199 

10667  ! 

10673  ' 
11258 


ftriod  of  steady  action,  from  8A.  40m.  a.  m.  to  5A.  p.  m.  =  8A.  20m«    Coal  aippliad  la  fftt$, 
«7£^iba  {  water  to  boiler,  8,362.66  Iba.;  water  to  1  of  coal,  9.552. 


*J9(»LB»A«>S  (tOMSflM^AKB)  coal. 

aA9mBirtujaiHlv.mnmeff^atmi'tm^/urnace  in  action. 


[..38»i 


1 

f 

If 

J 

S.  in. 

lOSJUt 

e.4a 

lfl4)45 

7.  IS 

100.76 

8.40 

117^ 

AAt 

lOt-U 

10.37 

iia.7& 

11,07 

105.00 

fiM 

105.7(1 

l.M 

llldOO 

3.00 

ioilbo 

4.00 

1D9.7& 

COO 

- 

- 

- 

- 

I 
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Ashca  briiW  bridge 
ToUl  dinker  and  uhe 


fARKS,— Gnle  nir&ce  14.07   taaug  tnt: 


ctumiMy  *3  feti 


mmced  BiTngj  wkur  in  bailar  O.lt  iiwb  be^ 

*  nonnal  leieli  both  vbItjm  douSc  w^^u^ 

3  con'iuiil^d,  1(13  Iba- ;  camiUl^iioct'  cbrnnff 

ihcobi; 

:  second  W;^rjbi!,M^i^^'V<av«,i(^bl<m 


1  {*»£  >I  ^.  m.ii 


fbu'itK  chsr^  MDuAi  or  roc  UrgB  lonqb  an^ 

!  ce«f  fine  coal. 

1  NiG.,  bridf;  dev;  two  im*tt  uQiImuiJ' 


1  drawing  i 


—  —  llA,  sin.  •.  ni.< 
100  cubk  iiica«v  *^ic^. 


re  water  I.Sb  ^iin,  caiboniekdd  &fi5gnniu^ 

rgen  11.03  cubic  iochcii  d^  pmnt,  br  ■)'>- 

vatiori.  To*. 

Mnture  of  bad)  84'>.6j  iUad  tuilc  at  Hi. 

m.  •■  m.  ,         .jv 

beconUiig  overcMt  U  (M.   Iftnt.  f^  n.;  ttw 

(tmbaigiV  large  )«ii>pi  and  fine. 

lRK,briBk;cloudT. 


3a  IH  <^  eo«l  placed  in  cimug  ufvatni 
1^  after  two  da;a'  dijlng,  ST  Qii.  14«. 


rati  of  adi  pit  thrown  on  grate,  aiLd  damptr 

luced  to  4  inches. 

T  in  boiler  left  at  1  liich  above  norsul  lord. 

n  found  1. 1  incli  below  n 
iriBboUw  «■■ 


C««fe] 


1 

s 

8 

4 
5 

7 
8 
9 
10 
II 
12 
13 
14 
16 
18 
17 
18 

18 

SO 
81 
88 

88 

34 

85 

80 
27 

t 

86 
89 
80 
81 
88 
88 
84 
85 
80 
87 
88 
89 
40 

41 

48 
43 

44 

45 
40 
47 


Nature  of  tiie  d«ta  fomidied  bj  the  rMpecliTe  tfUoK 


IhanUon  or  steady  acdoiiK, in  J^oufffi,.        .  .  • 

Atm  of  grate,  in  iqiiaie  feet        .  .  .  • 

Am  of  heated  enrfroe  of  boikr»  in  eqiiare  feet 
Aieaofboiler  exposed  to  diiect  radiation,  in  aquerefcet    - 
zvtniiMr  orrnaEfgea  Oi  coat  «uppiioQ  vo  graie  • 

Total  weighs  of  coal  aqpplied ,  to  gmtfi,  m  popnds  - 

Poiij^of  pmI  adqalJy^pbiWWieU        '    - 
Pounds  olT'coal  withdrawn  an^  separated  after  trial 
Meai^'weig)^^  in  jpouo^,  of  one  cubic  ibot  nf  coal 
Pounds  of  coal  sapplied'per  hour,  during  steady  action 
Pounds  of  C9ai^  Mr  s^uffo  ^bot^pf  grate  sur&oe^  per  hour  ^- 
Tom  waste,  ames  and  clmkeir^  from  tOO  pound«[^,of  coal  ^- 
Poonds  of  clinker  alone,  from  100  pounds  of  coa^  -  ' 
Ratio  of  din^M-  toihe  total  waste,  per  cent 
TotAl  pounds  of  water  supplied  to  the  l>oiIer 
Me«n  temperature  ^f  water,  in  degrees  Falufnheit ,.        - 
Poniuis  or  wattr  supplied  at  the  end  oif  experiment,  to  re- 
store lerel        -  -  •  -  . '  . 
Deduction  for  temperature  of  water  supplied  at  the  end  of 

experiment      ------ 

Pom^  of  water  eva|»orated  per  hoyf,  during  stefi^y  actio^^ 
CxiAc  fM  of  Water  pilr  hour,  during  steady  action  '  ^^ 

Paunda  of  water  per  square  fb<:)t  of  heated  surface  pep:  houK* 

by  oiie  ealculabon'       -  - -    '       -  ' 

Pounda  of  water  per  square  foot,  iby  a  mean  pf  a^r^^  ot> 

aervations         -      '      -  -  -     '       -  ' 

Wat^t  (^vaporated  by  1  of  coal,  from  initial  temperature  (a) 

firial'rtsult       L'      '    - 
Watei^  evaporated  by  I  of  coaly  from  initial  teroperatura  (b) 

during  steady  action^^    - 
Pdunds  I)ff\ier  evaporating  one  cubic  foot  of  water 
Mean  temperatu^  of  air  entering  below  ash  pit^  .during 

'Meady  preasure    '         -  -  -  -" 

Mean  temp,  of  wet  bulb  thermom.',  during  steady, pressure 
Mean  temperature  of  air,  on  arriving  at  the  grate  - 
Mean  temperature  of  gases,  when  arriving  at  the  chimney  - 
Mean  temperature  of  steam  in  the  boiler  -  -  - 

Mean  temperature  of  attached  thermometer 
Mean  height  of  barometer^  in  inches        ... 
Mean  numl>er  of  volumes  of  air  in  manometer 
Mean  height  of  mercury  in  manometer,  in  atmospheres     - 
Mean  height  of  water  in  syphon  draught  gauge,  in  inches  - 
Mean  temperature  of  dew  point,  by  calculation     - 
Mean  gain  of  temperature  by  the  air,  before  reaching^  grate 
Mean  difference  b^Woen  steam  and  escaping  gases  -^ 

Water  to  1  of  coal^  corrected  for  temperature  of  water  in 

cistern  -  -  -    '       - 

Water  to  1  of  coal,  from.818^,  corrected  for  temperature  of 

water  in  cistern  - 

Pounds  of  water,  from  218^»  to  1  cubic  foot  of  coal 
Water,  from  212^,  to  1  pound  of  combuatible  matter  of  the 

fiiel 

Mean  preesure,  in  atmoa|)hereB,  above  a  vacuum  - 
Biean  pressure,  in  pounds  per  square  inch,  above  atmosphere 
Condition  of  the  air  plates  at.the  frimaea  tiridge    - 
Inchea  opening  of  damper,  (U.  upper)     -  -  . 


1st  Trial.     I     8dTriaL     I 
lThb6LXn}(TabUJLXVm 


%^88t 

9.817 
14^7 
877i5 
18.75 
11.0 
1148.75 
1144.875  . 
4.875 

51^.880  . 
101.028 
7.18. 
8.0919, 
8.1087 
»^  295 . 
10970.0 
78?.5^ 

OWO  ^ 

,800 
958.928 
15.84'  ' 

2  54 

2.541 

9.516 

9.491  . 
0.5679 


89^.95 
79® -55 
249^.33 
2$2*.96 
289*».67 
84^.52 
30.13t 
5.085 
0.5489 
0.3205 
76^.61 
159^88 
66^.36' 

9.4825 

10.707 
559. 18 

11.6484 
1.4597 
6.79 

Open. 

U.      8 


. 


Seflfembirn, 
24.138 
8.88 
14.07 
877.5 
18.75 
11.0 
1179.75 
1178875 
5  871 
68.e^, 
105.184 
7.475 
7.8315 
2.1416 
27.846 
11258.0   ' 
79«.3 

500.0 

64.0 
100^.66 
16.057 

2.619 

2.641 

9.602 

9.552 
6.6776 

840.825 
74^725 
268<>.5 
322<>.65 
231*>.55 
82<*.d75 
30.0446 
5.065 
0.5506 
0.3195 
71^366 
184«.l75 
82«.316 

9.4686 

10  6913 
573.32 

11.6997 
1.462i$ 
6.8325 
Cloaed. 
U.      S 


FROM  TABLES  LXVI,  LXVILr 


c:«fc2: 


ll    t     >    I  I      In 


I    III     l^tlll    fclj 


>  >>inli  M  t      III  ^t   w  nnt      nfci  1      ai^  SI.     11 


;"\ 


Remaiks. 


('i 


109.106 
90.835 


Th^  ivc9gl)t  (tf  uttbgmt  eoke  left  1)3rlfai9O0tlislNsten«tt^«w«ii^-l»eoiii  fitfa»« 


98i:94l 
15.698 

9;6JMs 


ai09. 

9.69  r 
6.5797 


258^'.  9 1 
307<».80 


A'v«ry  cloiM^^^<ud»i«tkm  Mween  lilts  )n&  Ike  fdftrpdarjljimwilklw  / 


0.39 

171«.777 
75*.39S 

9.4755 

10.0991 
560.95 

11.6941 
).4612  . 
6.8119 


The  two  trials  of  Ous'cdel  give  a  remarkable  coincidence  of  retoohki  as  weU  %b  a  ^ry 
high  average  amount  of  evaporation.  It  i%  indeed,  the  hlg|ieiit  rrsnlt  obtained  dnr^ 
ing  the  ^eMveh, 


The  baming  with  open  air  plate  seems  to  have  produced  but  little  effect  on  the  eilr.* 
ciency.of  jthif  coat  • 


rm—^m** 


I*  ■  »■ 


*        ■  I  I  **^—W*»^— »* 


{1.  ^«^  X  3B0 


I  No.  5.       ....// 

BUuminous  coal  from  the  mines  (if^JSa^^^'Sp%iti^'iii$$9^'i}^mi^hf^ 
€MwBred/br  u9^iU  iAs^  navj^  ifwrdj  Washington;  selectedjrom  a  boat 
load  J  by  Captain  Easby. 

This  sample  of  coal  was  stated  to  be  from  the  mines  called  ^^  Coal-in- 
Store,"  the  same  from  which  a  preceding  sample  sent  by  Captain  Easby 
was  also  taken. 

In  its  exterior  characters,  this  sample  strongly  resembles  that  (ioal.  In 
some  cases,  howeyer,  it  exhibits  larger  portions  of  carbonaceous  matter  on 
the  surfaces  of  deposition*  A  radio  striated  appearance  occasionally  oc- 
curs, and  the  alternating  plies  of  columnar  or  crystalloid,  and  slaty  or  amor- 
phous coal,  are  preserved,  and  often  strongly  marked. 
9  Tbf  iMia  imcliqg^  iwre  p/erpf^^dicjular  to  the  sudapes  of  depps^ion^r  and 
cross  paipting»«4tliiilr*t«tt)g^  III  tJfte  ttime  msfaoesytgWiag^ihe  iniqpfes- 
sion  of  a  forcible  bending  of  the  plies,  are  not  uncommon. 

The  specific  gravity  of  one  specimen  which  was  analyzed,  was  foiiiid  to 
be  1.4023,  and  of  another  1.3628 ;  the  mean  of  which  gives  the  cal6iii)iat«d 
weight  of  one  cubic  foot  of  this  coal,  86.41  pounds. 

Forty-eight  trials  in  the  charge  box  gave  the  weight  of  one  cdbic  foot 
53.174  pounds  ;4)eing  0.6153  of  the  calculated  weight  from  specific  gravity. 
The  space  required  for  stowing  one  gross  ton  will  be  4^*126  cubic  feet. 
The  minimum  weight  of  a  cubic  foot  was  48,  and  the  maximum  55.5  pounds, 
as  will  be  seen  by  reference  to  the  columns  of  weights  of  charges  in  the 
following  tables. 

The  hygrometric  moisture  in  this  coal,  as  ascertained  by  an  experiment 
in  the  lar^  way  in  the  steaming  apparatus,  was  0.893  per  cent ;  aoldabe 
total  volatile  matter  derived  from  the  two  specimens  above  given  was,  for 
a  16.13,  and  for  b  16.70. 

Thte  sp^Miiivff'^ii  <tf  eidrdiy  f^idiHim  9.1(M^  «fd^ifr  7.398  per  WBt. 
Hence  the  two  specimens  may  be  considered  to  have  the  followit^  proxi- 
mate constituents,  viz : 

Of  moisture  ... 

Other  volatile  matter 
•  Earthy  matter       ... 
Fixed  carbon        ... 


The  volatile  is  here  to  the  fixed  combustible  as  1  to  4.906  in  the  first,  and 
1  to  4.802  in  the  second  specimen ;  and  the  mean  is  1  to  4.854. 

In  the  five  trials  of  this  sample  under  the  steam  boiler,  there  were  burned 
4,474.5  pounds ;  and  the  total  waste  withdrawn,  exclusive  of  the  ashes  ifrom 
wood  used  in  heating  up  the  boiler,  was  435.75  pounds,  equal  to  9.739  per 
cent.  Of  this  amount,  142.75  pounds,  or  3.19  per  cent.,  was  clinker,  and 
2^3#04  pounds,  or  6.549  per  cent.^  a^es.  Hence  it  appears  that  the  clmker 
coniititiites  3i2«756  p0f  oent  of  ti^  total  wa^ 

The  ashes  derived  from  the  analyses  of  this  coal  ate  noderately  light, 
and  of  a  nearly  flesh-red  color. 

The  clinker  from  the  furnace  is  much  like  that  from  Atkinson  &  Temple- 
mto's  coaK 

The  same  light-brown  color,  imperfect  vitrification,  artd  adhering  white 
sbaly  masses,  are  bare  equally  conspicuous  as  in  the  case  just  cited.    The 


SpeciiD6ii  0. 

Specimen  0. 

0.893 

0.893 

15.237 

15.807 

9.109 

7.398 

74.761 

75.902 

100. 

100. 

cUtitov  Sreighsi  fiA^9^9Si  Ihe  ashes  33.57  pounds  per  cubic  foot.  The 
ashes  lost  by  reiodoeration  8.419,  and  the  clinker  2.3  per  cent  of  weight. 
JiflMaUlQ  U»HUvaVM)^t9<W««(e^i«d0pmdwt^^  per  cent. 

After  four  days'  burnings  there  were  withdrawn  from  the  flues  12.25 
poi^i^ds  of  soot;  and  sabsequeudy,  after  a  single  day^  operatioQ,  3.5  pounds 
mc|re  w^e  cgrllected.  This  njatpcial  weighed  at  fee  iftte  of  )^4.28  pounds 
per  cubic  fipot.  It  appe^  to  teve  produced  hut  littlt^ffeot^  m^  the  eviapora- 
tioti  was  conductej  With  neady  us  muoh  eteonoi^y  on  the  ibxirtj^  ^fi  on  iHfie 
fifft  day's  Q3H)eri?i^t.  The  soot  contamod 514*  percent,  (tf  earthy  piatter. 
The  time  reqpire^  to  \^itig  tfie  boiler  to  a  untfom  sate  ef  action  in  the 

First  trial,  was           *           -           -           ^           .  1.466  hour. 

Second  --•-..»-  1.66?    " 

Third     -...-..  i.ssg    ff 

Fourth   -           -           .           -    ,       -           .           .  1.500    «   * 

Fifth L400    "  , 


^^^ 


Mean      -  .  -  ^  .  .  1.523    " 

The  quantity  of  coal  withdrawn  from  the  grate,  and  sepeyrated,  was  on  an 
a^eragft  only  5.35  pounds. 

The  action  of  this  sample,  in  all  its  applications,  will  be  similar  to  that 
of  the  Cumberland  coals  abov?  described.  Deficient  in  volatile  pifoducts 
^r  the  purposes, Qf  making  illuminating  ga^;  w^ll  Adapted  tp  parlor  grates, 
to  smiths'  foiges  where  a  hollow  fire  is  not  require,  and  to  (ha  nwinufac- 
ture  of  iron  in  the  blast  furnace,  either  with  or  without  the  process  of 
coking,  its  high  heating  power  will  cohimend  it  for  all  these  latter  pur- 
poses ;  and  if  carefully  mined,  and  kept  free  from  slate  and  other  impuri- 
ties, it  may  sustain  the  character  which  this  weU^selected  specimen  has 
been  enabled  to  establish. 

A  trial  of  beating  power  by  the  oxide  of  lead  pa  20  grains  of  specimen 
a,  above  referred  to,  resulted  in  reducing  600.2  grains  of  n^etailic  lead,  or 
30.01  times  the  weight  of  raw  coal  emplo3red.  As  that  specimen  contained 
9.109  per  cent,  of  earthy  matter,  the  heating  power  of  the  combustible  is 
expressed  by  .^^fjj;=93.01. 

I  have  mentioned  tba  different  characters  whit^  the  several  Qplumnar 
and  amorphous  plies  of  this  coal  present.  In  order  to  illustrate  the  re- 
spective properties  of  the  two,  I  employed  a  specimen  in  which  the  plies 
of  columnar  co^  wereof  rather  unusual  thickness,  and  very  brilliant  in 
the  surfaces  of  parting.  From  this  specimen,  a  portion  of  the  columnar  or 
crystalloid  part  gave  of  volatile  matter  18.28  per  cent;  earthy  matter  of  a 
idddiA^yeliow  Of  fawn  «olor  1.754  per.  cent.;  and  olfi^ced carbon.  79.966. 

The  volatile  is,  therefore,  to  the  fixed  combustible  as  1  to  4.374.  The 
coke  produced  by  this  portion  was  a  bright  intumescent  porous  mass. 

The  powder  of  this  crystalloid  coal  was  of  a  deep-brown  color. 

The  amorphous  or  slaty  ply  of  the  specimen  gave  of  a  greenish-white 
ashes  14.736  per  cent.,  and  of  volatile  matter  15.976.  Hence  the  fixed 
carbon  is  69.28S ;  and  the  volatile  to  the  fixed  combustible  as  1  to  4.337. 

The  powder  of  this  portion  of  the  coal  was  nearly  as  black  as  the  solid 
mass,  the  coke  far  less  intumescent,  and  its  particles  less  agglutinated,  than 
those  of  the  purer  part  of  the  lump.  Twenty  grains  of  the  amorphous 
portion  produced,  when  treated  with  oxide  of  lead,  25.764  times  its  weight 
of  metallic  lead ;  which,  after  deducting  ashes^  gives  30.216  times  its  weight 
of  toad  to  1  of  combustible. 


'Ftffi''H^t~/^ppet^itlmper»ineKtll^pmi;aifp/ltlit<wl^Md; 
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*tutin  ttu^n  ini»  e/^mnty,  and  tmall  fitrhace  itiattion. 


t^twis:;] 


9.44       47.3 

laaO   I    48.8 

11.10   j    47.3 

48.8 


11.57 


1.04 
1.40 

2.65 

3.47 


46.5 
60.3 

51.0 
50.8 
49.9 
47.3 
49.0 
47.3 
49.6 

^.4 
49.0 


41.7 

43.4 
41.« 


116 
125 
143 
151 

159 
169 

182 

191 

192.5 

196 

197 

202 

311 

207 

217 


194 

162 
149 


53 
69 
71 
76 

70 
60 

45 
44 
58 
64 
69 
64 
62 


68 
38 

U 

-24 
-22 


RfeMARK8.^JG}nite 
drcahof  heat^ 


H.orfiqaai^^Vwt,  le^  of 
1211i0e(^  li^ightdrdiiiiiiiey  63  (eat 


0.940 
1.992 

2.079 


3.945 
2.389 
2.900 
4.712 

2.834 
2.993 

1.322 
2.612 
1.934 
2.230 
8.565 
2.241 
2.993 


2.262 
1.764 


Water  in  boiler  0.5  inch  below  normal  I«Tcf;  fine  lighted  in 
'    9maU  ftimace. 

Wind  $W.,  brisk}  clear;  eommenoed  firing  at  fiA.  26m. 
Wood  consumed,  251^  lbs.;  commenced  diaiging  with 

coal. 
Coal  ignites  eaaiij;  it  in  good  action  in  6  minutea  after 

commencing  the  charging. 

Tilled  tank  at  9A.  3dm.  a.  m. 

Wind  strong  from  W. ;  fire  burnin*;  with  great  vigor. 

Partly  filled  tank. 

Wind  NW.y  strong;  fire  in  vigorous  action;  draught  high, 

due  in  part  to  the  force  of  the  wind. 
Front  valve  double  weighted^  small  weights  pQt  on  back 

valve  at  iih,  10m.  p.  m.;  and  at  OA.  20m.  damper  of 

small  furnace  closed,  to  lessen  combustion. 
Combustion  less  active,  and  draught  reduced. 

This  coal  does  not  heat  the  grate  bars  to  a  visible  redoMB 
during  its  most  vigorous  action;  fiOed  tank  at  2A.  lOm. 
p.  m. 


Contents  of  ash  pit  thrown  on  grate;  'damper  ^t  ^t  4  indue; 

double  weights  removed  from  front  valvfe  at  4A.  45m. ; 

water  in  boiler  at  5A.  Om.  left  at  0.65  ineh^abeve  normal 

level;  at  9A.  Om.  p.  m.  it  was  at  0. 15  inch  below  normal 

lefel. 
Water  0.5  inch  below  nonnal  level. 
Water  in  boiler  ndjiisted. 


Aflhea  behind  bridge  • 

Total  clinker  and  ashes 
Deduct  wood  aihea 


Total  waile  from  coal 


RBdIDlTA. 


Pounds. 
/    **.60 
^'  ••.TO 
6.36 

107.61 
0.771 


\0$M$ 


Coke 


t,00 


tM«g 


"UP.* 


TASbB  hXJL-EASBY  *. 


Secfind  tritfl'-^ffiptr  dannper  9 inehetcptu ;  air  jiMc»«pea; 


• 


Pvriod  of  steady  actioD,  from  9h,  44ii».  a.  m.  to  5A.  10m.  p.  m.— 7A.  86fn.;  eoal  supflisdio 
tbafrate,  807.25  Ibe.;  ^^cater  to  boiler,  7,094  lbs.;  water  to  1  ofooal,  same  period,  8.788. 
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^team  thrown  into  chimney  y  and  small  furnace  in  action. 


[  ^  J 


REMAIUCS.— Orate  surface  14.07  square  U^  ItngO^of 
circuit  of  heated  gases  1 2 1  Teet;  height  of  chinmey  $8  feet. 


9.44 


10.21 


11.20 


0.09 
1.00 

t.00 

8.05 
4.06 


5.10 


48.8 

60.2 
49.8 

64.4 

63.1 
ft2.6 
66.9 
63.4 
61.9 
57.6 
.17.1 
57.1 
57j6 
67.6 
69.9 

66^ 


47.8 
i  47.8 


118 

123 
126 

137 

141 

149 

166 

164 

167  I 

178 

174 

177 

180 

179 

188 

186 


144 

188 


77 

71 
73 

100 

93 
84 
93 
89 
88 
88 
89 
86 
8t 
83 
83 


92 

-t4 

-18 


1.748 
1.049 
3.121 


1.791 

2.219 
2.6S1 

2.607 

2.644 
3.134 
3.110 
2.606 
2.347 
2.474 
3.788 
1.867 
1.669 
2.199 
2.696 


1.969 


Momiag  clear;  wind  W.,  light. 

Water  in  boiler  at  0.08  inch  below  normsd  level;  com* 

mcQc«d  fixing;  valves  double  weighted. 
Wood  consumed^  102.751b9. 

Additional  weight  taken  from  front  valvea  at  7i^.  34m.  a. 
m. ;  contents  of  aah  fnt  thrown  on  fire. 

Filled  tank  at  %h.  3277».  a.  m. ;  at  8A.  45m.  opesMd  air  plates. 

Coal  to  be  kept  in  a  thick  bed  on  the  grate  during  ^  ex- 
periment 


Additional  weight  removed  from  back  valve  at  HA.  36fii* 

a.  m. 
Tank  only  partly  fillad,  owing  to  the  lowitess  of  the  watar 

in  the  river. 
Wind  W.,  brisk!  dear. 

At  1  A.  17m.  p.  m.,  filling  tank;  water  still  very  low  in  the 

river., 
Filled  tank. 

Placed  26  lbs.  of  ^lis  coal  in  diying  ^iparatoa* 


Air  plates  dosed. 

Wfteriaboile^  Mat 0.6  iQchi^Kyvaiiom^]  Kc<^;  damper 

reduced  to  4  inches;  678  lbs.  of  water  added. 
Water  1.4  inch  below  normal  leveh 
Water  in-boUera^ioitad. 


•^^■^riMaAAiteM.k^i^^4Miri*i^ 


J   I  *      I  I     '      I       ■    *    W>      '' 


RESIDUA. 


AshMbeUnd  bridge 


38.69 

67.76 

6.89 


Total 


and  clinker 


Total 


from  coal 


-  111.61 
.      0.816 


111.296 


6.69 


15 


i:  386  3 
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TABLE  LXXL— EASBY  k 
Third  trial — upper  damper  8  inches  open;  air  plates  closed; 


Hour. 

TSXPIRATUBE8  OF    TBI 

Height  of  barometer. 

• 

1 

t 

1 

c 

ll 

8S 

6 

o 
> 

6.91 

P           Height  of  water  in  sy- 
;o                          phon. 

Weight  of  -water  sup- 
plied to  boiler. 

Weight  of  charges  of 
coal. 

1HA6. 

S           Open  air  entering 
h*              below  ash  pit. 

g           Wet  bulb  thermo- 
meter. 

00           Air  entering  back 
of  grate. 

1 
§ 

"3 

^  c 

S 

S 

194 

i 

s 

68 

1 

• 

1 

g 
J 

1 

Urn 

o 

*-• 

r 

< 

66 

Oct   6 

A.  tn* 

A.  M. 

7.02 

210 

30.04 

0.364 

^ 

7.30  56.6 

68 

173 

249 

68 

217 

66 

30.04 

0.436 

6.19 

0.29 

^ 

^ 

7.65  59 

56.5 

166 

269 

68 

227 

67 

3005 

0.548 

5  10 

0.30 

109 

102.25 

8.30  6S 

1 

57 

173 

276 

68 

232 

68 

30.05 

0.543 

5.14 

•  •  •    ■  • 

0.34 

'■• 

9.00  63 

58 

170 

304 

68 

232 

60 

30.04 

0.562 

5.05 

0.36 

267 

. 

4« 

9.30 

66 

59 
61 

171 
172 

294 

298 

68 
68 

230 
230 

62 
64 

30.02 
30.03 

0.635 
0.545 

5.22 
5.12 

0.34 
0.36 

674 

108.50 

10.00  67 

927 

_ 

10.30  68 

61 

175 

310 

68 

231 

65 

30.03 

0.548 

5.10 

0.88 

1104 

- 

11.10  69 

62 

181 

298 

68 

231 

67 

30.01 

0.648 

5.10 

0.39 

1603 

104.85 

p.   M. 

0.06  74 

66 

190 

296 

66 

229 

•69 

30.00 

0.642 

5.15 

0.35 

2093 

. 

0.30  74 

65 

194 

310 

66 

231 

70 

29  99 

0.548 

5.10 

0.39 

2279 

103.60 

*                        » 

1.00  76 

66 

198 

303 

66 

230 

72 

29.95 

0.643 

5.14 

0  39 

2697 

- 

1.30  78 

66.5 

205 

320 

66 

230 

74 

29.95 

0.550 

5.07 

0  34 

3456 

99.50 

2.00 

79 

67 

209 

312 

66 

«31 

74 

29.95 

0.546 

5.11 

0.36 

3619 

-" 

2.30 

80 

67 

212 

310 

66 

232 

75 

29.95 

0.546 

5.11 

0.35 

3927 

« 

3J)6 

80 

87 

219 

810 

66 

381 

75 

29.95 

0.539 

5.18 

0.33 

4337 

- 

3.30 

80 

68 

217 

302 

68  230 

75 

29.94 

0.543 

5.14 

0.34 

4663 

105.50 

4.00 

79 

68 

222 

307 

68  231 

76 

29.94 

0.641 

5.16 

0.33 

4997 

-  •" 

4.30 

78 

68 

224 

312 

68  231 

75 

29.94 

0.641 

5.16 

0.33 

5412 

96.75 

5.00 

76 

67 

226 

308 

67  231 

75 

29.93 

0.546 

5.11 

k).yi 

5734 

- 

6.30 

A.  M. 

4.40 

75 

67 

230 

804 

68  230 

1 

74 

29.93 

0.537 

5.20 

0.31 

6141 

98.50 

Oct    7 

67 

64 

204 

200 

68  220.6 

68 

29.70 

0.451 

6.04 

0.20 

6434 

t 

1  . 

6.25 

68 

65 

201.5 

197 

68  2H 

68  < 

«9.78 

^.386 

6.69 

0  1^ 

7001 

•            ■  • 

t 

1 

Period  of  steady  action,  from  9A.  30nk.  aim.  to  5A. 'llm.  p.  m.«-7V.  41mM  c^  stippledlo^ 
gxate»  608  lbs.;  water  to  boiler,  5,209.23  lbs.;  water  to  1  of  co«U  8.667. 


I.    i.  '» 


*    r-1 


?    f.      It 


,  7      '     T/       . 
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ileum  thrown  into  chimney,  and  smalt famace  in  action. 


[S86] 


a 


1 


I 


h»  f}i* 


I 


aoo 


61.7 

49.3 
62.2 


9.30 

10.45 

•.08 
1.43 


d^orl 

4.04 
6.11 


52.8 

54.0 
54.5 


128.5 

116.5 
100 


111 

107 
106 


56.9     105 
62.8  t  107 


57.5 

61.8 
«0.1 
61.8 
58.9 
61.1 
60.7 
60.7 
62.4 
62.8 
63.3 
62.6 

68.0 


62.2  '  187 


112 

116 

120 

123" 

127 

130 

132 

182 

187 

143 

146 

150 

165 


—16 

+32 
42 


REMXRKS.— Grate  surface  10.201  equarefeet;  length  of 
cireutt  of  heated  gases  121  feet;  height  of  chimney  63  feet: 


44     0.495 


72     0.837 
64  !  2.156 


68 
79 
67 


;  1.340 
0.937 
1.983 


67  I  1.416 
79  I  1.179 


73 
90 
81 
78 
79 
72 
76 
81 
77 


•8.9    ltS.5 


74 
—20.5 

-u4'7  'X     - 


2.214 
3.491 
0.863 
1.632 
i.862 
2.073 
1.769 
2.199 
1.706 

2.156 


breadth  of  grate  reduced  to  2  feet  4^  inches  by  a  row  of 

bricks  on  each  side. 
Water  0.12  inch  below  normal  level;  morning  dear  at 

bh.y  now  foggy*,  commenced  firing  at  Ih.  2m.  a.  m. 
Wmd  WSW.;  becoming  clear.  • 
Wood  consmned,   107  lbs,;    commenced  charging  with 

coal. 
Steam  blows  oirat'8A.  20m.  a.  m.' 


The  second  charge  of  coal  consists  of  two  large  lamps, 
«nd  the  rest  fine. 

Combustion  slow. 

Little  smoke  produced  by  this  coal'  at  chimney  top,  ex- 
cept at  charging,  and  then  only  in  small  quantities  for 
about  IJ  minute,'  filled  tank  at  llA.  5$m. 


Prom  the  time  of  the  2d  charge  to  this  hour,  the  mte  of 
evaporation  is  654.44  lbs,  =  10.47  cubic  feet  per,  hou|. 


Pflled  tank  at  bh*  5m.  p.  m. 

Contents  of  a^  pit  thrown  on  grate;  d^per  reduced  to 
4  inches;  water  in  boiler  0:6  inch  above  normal  level. 

Water  femid  1.25  inch  below  normal  level;  ramijig  aince , 
midnight;  wind  NE.," light 

Water  adjuiMed  in  boiler;  somlo  fire  ititt  on  gftate  at  6ii. 
10m.  a.  m.;  still  raining. 


■u 


KESiDUA. 


»«' 


r         V 


<    '      1. 


Clinker 

AdiM 

Aa^  firom  bdiind  bridge    - 


■   'I. 

-•».     21,5«>.'./ 
56  75 
3.89 


Total 

Deduct  wood  tahet 


Total  wiste  ijrom  ood 


82.14 
0.328 

81.8111 


ColM 


11.76 


r3««3 


f99 


TABLE  LXX«.~BASBY  flc 


Fourth  trial— upper  damper  4  inches  open  ;  expiates  ciotedj 


TIMPIRATDIIS  or  TBI 


Date. 


i 


Oct.  7 


Hour.  I » I 

o 


A*  m. 

A.  M. 

6.46  I  6» 
7.30  I  71 


^ 

o 


J3  **  «  bC 

3  **  ?'- 


h 

O 


O 


8.06 


Oet  8 


8.86 

9.00 

9.30 

10.00 

10.40 
11.00 
11.30 

p.  M. 

0.00 
0.80 

1.05 
1.30 

3.00 

2.30 
3.00 

A.  X* 

9.37 
19.06 


70 


70 

73 

73 

73 

76 
76 
77 

79 
80 

81 
83 

83 

84 
84 


06 

07 
07 


190 


174 


l'J4  I  69 

I 
258.8  69 


172  259 
178  274 


64 
66 


67 


69   182307 


68 

69 

70 
70 

71 

72 
73 

74 
74 

74 

76 

76 


69 
59 


188310   70 


70 

'70 
70 


I 

c 


aa 


S 
o 


o 

s 

< 


B 


5  |E 


« 


g  ^ 

—  .  I  h   I  2.-3 

•Sliffl'Sis 


'9 


212  67 


231 


68 


232  68 


29.78 

29.77 
29.77 


.«• 


196304 


206 
208 
214 


319 
292 
310 


70 

70 
67 
67 


224  301  !  67 
233  326  i  67 


243 
246 


252 


180 
177 


314 
318 


67 
67 


314   67 


268  314 
262  313 


nf%—9»» 


184 
179 


67 
69 


70 
70 


233 

233 

233 

233 

234 
232 
233 

232 
234 

233 
232 

232 

232 
232 


202 
190 


68 

69 

69 

70 

70.6 
71.5 
72 

73 

74 

75 
76 

77 

77 
78 


(90 
'I 


0.365 


6  90 


0.643;  5  14 
0.623!  5.34 


0.29 

0.29 
0.32 


.£3-3 


I 
I. 


29.76|  0.650 
29.76 


66 
64 


29.76 

29.76 

29.72 
29.70 
29.70 

29.70 


0.642 


0.643 


5.08 
5.15 


6.14 


0.643  4.14 

0.646  5.10 

0.625 

0.631 

0.637 


0.39 
0.37 
0.36 


83 

382 

633 

1088 


108.^0 
107.26 


0.36  1681 


29.68  0.63C 


29.67 
29.67 


29  67 

20.66 
29.66 

29.64 
2964 


0.635 
0  630 


0.637 


6.32 
5.26 

6.20 
6.20 

6.22 
6.26 


0.43 
0.33 
0.36 

0.36 
0.36 

0.86 
0.36 


6.20  0^ 


0.639.6.18 
0,543  5.14 

...••...•.«  [•• .  •  »-»• . 
0.350  7.06 
0.861  7.06 


2170 
2646 
3136 

3666 
3895 

4668 
4804 


107.00 


4804 


104.00 
101.66 

102.60 

•  •  •  •  •  #««  • 

97.60 


0.86    4604 


0.38 

ft  ■  •  •»#'  • 

0.19 
0.16 


4804 

4807 
7687 


106.50 


f 


The  period  of  fteady  action  tlus  daj,  owing  to  a  derangement  in  the  feeding  wpfntoBf  eztoidfl 
eniy  Craan  9A.  39f».  a.  m.  to  OA.  29m.  p.  m  —  2A.  60m.  Coal  supplied  to  Uie  grate,  806  &»•( 
water  to  boiler,  2,618  Ibe.}  water  to  one  of  coa^,  8.6. 


9^ 

SMrnrs  {Cumberland)  coal. 
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tit^oimiinto chimney, Mnd smattfnrnace in  action. 


I 


I 


I 

§ 


A*  m. 


7.80 
8.07 


0.89 


lO.tO 
11.88 

0.90 


1.90 


2.10 


64:3 

64.^ 
65.4 


J 


»*  He  .• 


06.4 

er.i 

05.5 

6T.1 

67.7 

68.4 

69.2 
70.8 

71.4 
70*7 

70.7 

70.4 
70.4 


55.2 
54.5 


191 

100 
102 


106 


109 
115 

les 

130 
132 
187 


145 
168 

162 
168 


169 

174 
178 


—18 

-h«7.5 
27 

0.377 

4} 

1.65« 

74 

1.590 

77 

2411 

71 

3.142 

116 
112 


%5 
60 
77 

69 
92 

81 
86 


82 

82 
81 


—18 
— U 


REMARKd.— Grate  fiur&ee  14.07  squire  feet;  length  oT 
circoit  of  heated  gases  12 1  feet;  height  of  chunney  63  feet 


Morning  cloudy;  raming  since  midnight;  wind  S.,  light. 

Water  0. 1  inch  below  normal  level;  commenced  firing  at 
6A.  45m.  a.  m. 

Wood  cotraumed,  102.5  lbs.;  commenced  charging  with 
cool;  Bteam  blows  off  at  7A.  SOm.  a.  m.;  mai^ometer  rose 
to  0.593  atmosphere  before,  removing  second  w^ght  from 
valve;  after  its  removal,  dratight  gauge  rose  to  0.5  inch; 
steam  allowed  to  escape  from  ba<^  valve  at  %h.  509ii. 


1.913 
8775 
2.60l! 


. 


1 


2.219^ 
1.801 


2.980-  One  of  the  stopcocks' (hr  the  adniidaipU  of  water  in  the 
1 .  500;    boiler  deranged;  noinorc  water  can  be  let  iil  uhtil  cooled 

down;  water  0.6  inch  below  normal  level  at  \h.  SOm. 

p.  m. 
Water  in  boiler  1  inch  below  normal  level;  deat*,  wind  8., 

brisk. 
Filled  tank;  water  in  boiler  3  inches  below  normal  leveL 
Contents  of  ash  pit  thrown  on  grate  at  2h,  45m. ;  water  not 

visible^in  glass  gaoge^  damper  rvduo^  to  3  i^ekM# 
Found  the  water  more  .than  6  inches,  below  nocmal  Irt^ . 
Water  in  boiler  adjusted. 


Clinker 

Ashes 

Ashes  behind  bridge 


RESIDUA. 


Pounds, 
25.75 
50.75 
3.90 


Total  ashes  and  clinker  ........     80.40 

Deduct  wood  ashes    .......  ..       0.315 


Total  waste  from  coal 


80.085 


Coke 


4.75 


Soot  (4  burnings} 


12.25 
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TABUC  IXXIII.— EASBT.t 

Fiji h  trial~~upptr  damper  &  inckes  open ;  air  plaUt.ctaied; 
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SMITH'S  (CUMBERLAND)  COAL. 
steam  thrown  into  chimney,  andxmall/b 


2.15 
3.05 


|| 

S  a 

-'ll 

in 
h 


REMARKS.— Giatenirface  14.07 niDtrafK^  length  of  di' 
cuitarbeitedga«aUI  Toet;  height orchimnejSSIeet 


Morning  cloadyj  ram  IiiBt  nlghti  fire  kindled  in  small  fur- 
Water  in  boiler  0.65  inch  below  notmal  level;  wood  ton- 

mmed,  IG9.6  Ibe. 
Commenced  charging  with  coal;  water  in  boiler  adjusted 

Tot  tempcrnlure.  • 

Steam  btowa  off  at  lOA   45in.;  damper  set  at  8  inches. 
Coal  on  grale  in  general  ignition,  at  1  lA.  S3m.  n.  m. 

Steam  allowed  to  esc^>e  from  back  valie. 

'ire  in  good  action;  conunanoeddiawinggMM  at  OA.  34m. 
p.  m.;  drew  in  46  minutea  100  cubic inchei,  which  ga*a 
water  0-72  grain,  carbonic  acid  9.07  grains,  ami  oijgen 
10  cubic  inchea. 

Wind  SW.,  brisk. 

I  Filled  tank. 

S  Contents  of  aah  pit  thrown  on  grate. 

Damper  reduced  to  4  inches  at  HA.  4Gin.  p.  m. 


9  Small  weights  placed  on  lafetr  Talre;  water  in  boiler  0.2S 
inch  above  normal  level. 
Water  in  boiler  adjusted  to  the  proper  level;  and,  ■■  iho 
pressure  does  not  rise  when  the  valves  are  double  weight- 
ed, the  experiment  is  closed. 


Clinker       •  .  -  . 

AAca  <ineliiding  thoae  behind  bridge) 


14.  W 
4I.7S 


Total  wMe  £nim  cod  . 

Coke 

JBooI  fioin  thii  day's  bttndDg 
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TABLE  LXXIV.— DEDUCTIONS  FROM 

Experiments  on  Eaiby  S( 


1 

2 
3 

4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

19 

20 
21 
22 

23 

24 
25 

26 

27 

28 
29- 
30 
31 
39 
3» 
34 
35> 

ae 

rt 

38 

ae 
4a 

41 

4» 

43 

44 
45 
46 
47 


Natitre  of  the  data  ^imiriied  bj  the  reapcctivc  taUes. 


Ist  trial. 
{Talk  LXIX.) 


Total  duration  of  the  experiment,  in  houis 
Duration  of  steady  action,  in  hours       .  .  - 

Area  of  grate,  in  square  feet    -  -  -  - 

Area  of  heated  surface  of  boiler,  in  square  feet  - 
Area  of  boiler  exposed  to  direct  radiation,  in  square  fcet 
Number  of  charges  of  coal  supplied  to  grate 
Total  weight  of  coal  supplied  to  grate,  in  pounds 
Pounds  ft*  coal  actually  consumed         ... 
rounds  of  coal  withdrawn  and  separated  after  trial 
Mean  weight,  in  pounds,  of  one  cubic  foot  of  coal 
Pdiinds  of  coal  supplied  per  hour,  during  steady  action  - 
Pounds  of  coal  per  square  foot  of  grate  surface,  per  hour 
Total  wa3tc,  ashes  and  cliidier,  from  100  pounds  of  coal 
Pounds  of  clinker  alOnc,  from  100  pounds  of  coal 
Ratio  of  clinker  to  the  total  waste,  per  cent. 
Total  pounds  of  water  supplied  to  the  boiler 
Mean  temperature  of  water,  in  degrees  Fahrenheit 
Pounds  of  wattr  supplied  at  the  end  of  cxpi'rlmcnt,  to 

rpstotc  level  -  -  -  - 

Beduction  for  temperature  of  water  supplied  at  the  end  of 

experiment,  in  pounds  .... 

Pounds  of  water  evap.  per  hour,  during  steady  action    - 
Cubic  feet  of  water  per  hour,  during  steady  action 
Pounds  of  water  per  square  foot  of  heated  surface  per 

hour,  by  one  calculation        -  - 

Pounds  of  water  per  square  foot,  by  a  mean  of  several 

observations  - 

Water  evap.  by  1  of  coal,  from  initial  temp,  (a)  final  result 
Water  evaporated  by  1  of  coal,  from  initial  temp,  (b) 

during  steady  action  -  -  -  - 

Pounds  of  fuel  evaporating  one  cubic  foot  of  water 
Mtftan  teipperature  of  air  entering  below  ash  pit,  during 

steady  pressure         .  .  _  .  - 

Mean  temp,  of  wet  bulb  thcrmom. ,  during  steady  pressure 
Mean  temperature  of  air,  on  arriving  at  the  grate 
Mean  temperature  of  gases,  when  arriving  at  the  chimney 
Mean  temperature  of  steam  in  the  boiler  - 

Mten  temperature  of  attached  thermometer 
Mean  height  of  barometer,  in  inches     .  .  - 

:  Mean  number  of  volumes  of  air  in  manometer  ' 
Moan  height  of  mercury  in  manometer,  in  atmospheres  - 
Mean  height  of  water  in  syphon  draught  gauge,  in  inchea 
Mean  tamperature  of  dew  pointy  by  calculation  - 
-Mean  gain  of  temp,  by  the  air,  before  reaching  grate 
'  Mean  difference  between  steam  and  escaping  gases 
Water  to  1  of  coal,  corrected  for  temp,  of  water  in  cistern 
Water  to  1  of  coal,  from  212^,  corrected-  for  temperature 
of  water  in  cistern    -  -  -  -  - 

Pounds,  of  water,  from  312^,  to-one  ovbic  foot  of  coal  - 
Water,  from  212^,  to  1  pound  of  combustible  matter  of 
the  fuel  -.---- 
Mean  pressure,  in  atmospheres,  above  a  vacuum 
Mean  pressure,  in  pounds  per  sq.  inch,  above  atmosphere 
Condition  of  the  air  plates  at  the  furnace  bridge 
Inches  opening  of  damper,  (U.  upper) 


SdTiiaL 
(ThbitlXX.) 


October  4, 

24.583 
6.9 
14.07 
877.5 
18.75 
11.0 
1105.0 
1102.0 
3.0 
60.227 
116.993 
8.314 
9.695 
3.82S6 
39.492 
9738.0 
620.5 

188.0 

27.0 
1071.18 
17.138 

2.837 

2.821 
8.803 

9.156 
7.0998 

690.03 
670.5 
2310.61 
2910.39 
2330.6I 
650. 56 
29.924 
4848 
0.5727 
0.3666 
48®.  5 
1620.58 
€10.47' 
8.803 

10  085 

11.1676 
1.4958 
7.3222 

Closed. 

U.      8 


October  b. 

23. 167 
7.433 
14.07 
377.5 
18  75 
11.0 
1120.5 
1115.0 
6.5 
£a931 
108.603 
7.718 
9.982 
3.4422 
d4k48^ 
9971.0 
630.2 

66&0 

100.0 
954  :UI 
15.27 

2.528 

2.509 
8.8529 

8.788 
7.0598 


720.3 
6OO.8 
2210.6 
310O.1 
2320.9 
670.2 
30.1375 
50435 
0.5525 
0.3^35 
68^.8 
14J0.2 
86O.6 

8.8529 

10.1336 
516.11 

11.2573 
1.4425 
6  5352 
Open. 
U.     8 
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SdTriil. 

1 

4tti  Trial. 

OtiiTmL 

Aterages. 

RtilBtfkBt 

(TtMe  hXni)  \(Thbk  LXXll) 

{lbbULXXni.y 

t 

OcMra, 

oad^tt'if. 

Nhvembtt  16. 

M.889 

27.833 

10.667 

• 

« 

768^ 

4.617 

2.667 

i 

10.S9I 

14.07 

14.07 

— 

Uwinbt  itimikad  thfift«% 

377  6 

377.5 

377.5 

fdze  of  the  grate  in  the  3d 

18.75 

18.76 

1875 

trial  was  much  lets  than  M 

80 

8;0 

6.0 

ehher   of  the  othert— r*- 

818.76 

883.75 

624.25 

diitwd:by  ttMm  of  brieksifft 

807.0 

829.0 

632.5 

the  si^es.     No  advaDtt^^ 
appears  to  have    attenaea 

11.75 

4.75 

1.76 

5.35 

51.1718 

62. 109 

62.0208 

61.2919 

this  alteration,  as  will  b^ 

79  135 

113.135 

117.592 

107i092 

seen  1^  consulting  the  d^ 

7.689 

8.041 

8.361 

a022fr 

ductionst  belowi  Xvtm  4% 

10.137 

9.6605 

8.9676 

9.6964 

41,  42,  Mt^M. 

2.6549 

2.992a 

;                2.3097 

3.0455 

S6.t8a 

30.9T9 

25.7885 

31.3849 

7001.0 

7687.0 

5320.0 

er^.o 

670.6 

46O.0 

t 

567.0 

2780.0 

0.0 

- 

The     5th    experiment    was 
brought  entirely  to  a  close,. 

78.0 

363.0 

0^ 

and  Uie  water  level  adjust- 

678.02 

924.11 

1051.644 

936.849 

ed,  before  leaving  the  ap- 

10.848 

14.785 

16.825 

14.973 

paratus,  on  the  day  of  triaL 

1.796 

2.448 

2.786 

2.479 

1.788 

2  467 

2.725 

• 

8.5785 

8.7141 

8.546 

8.6989 

a667 

8.5 

8.911 

8.7844 

- 

7.2856 

7.1724 

7.3134 

7.1862 

780.44 

770.93 

6OO.4 

t 

6t^i42 

710.d 

560.7 

198<'.94 

2?0o.64 

170O.7 

2030.68 

4           , 

304M1 

3080.29 

2820.9 

2990. 36 

236^.72 

2320.71 

2320.4 

* 

7#<^0 

72^.86 

66^8 

•              t 

89.98 

29.704 

30.13^ 

, 

5.1311 

5.185     , 

4,987 

•                                                                                     * 

0.544t 

0.5383  ' 

0.5579 

* 

0.3529 

0.3664 

0:85 

0.867r 

' 

i^f^%fi. 

680.69 

580^54 

«     i 

.      .;        .      .  .1. 

125<».5 

14  20. 71 

1100.3 

1380.06 

4 

75M9 

780.46 

590.6 

720.02 

*  * 

8.0631 

8  6971 

1 

8.546 

8.6924 

1        . .  1 

9.7686 

9.9164 

#;II283 

9.9654 

t 

499.88 

616.73 

61A2d 

^     511.086 

m 

10.8705 

10.977 

10,8997 

11.0344 

The  open  air'^late  appears  to 

1.4328 

1.4123 

1.441 

1.4449 

have    produced    some  ad- 

6.89 ty 

6.089 

6.6126 

6.5701 

vantage  in  the  2d  trial  of 

Closed. 

Clooed. 

Closed. 

* 

tM»  ptpp\9fu           ,  :  i 

U.      8 

U.      4 

U.       8 
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No.  6. 
Bituminous  coal  from  Cumbtrlindj  procured  for  use  in  the  ncfvif  yard. 

This  is  the  same  sample  of  Cumberland  coal  from  which  were  takeE  the 
four  charges  used  in  making  mixtures  with  Beaver  Meadow  anthracite,. as 
already  detailed. 

The  only  separate  experiment  made  with  this  coal  was  m  one  of  the  pre- 
liminary trials  of  the  apparatus.  In  that,  trial,  the  coal  was  used  in  beating 
up  the  boiler,  as  well  as  in  generating  steam.  No  decisive  result  could  be, 
with  confidence,  deduced  from  that  trial ;  and  I  therefore  abstain  from  any 
Other  than  a  general  exhibition  (in  the  synoptical  table  which  follows  this 
class  of  coals)  of  such  points  as  were  determined  by  analysis,  and  such  as 
an  examination  of  the  residua  of  the  combustion  enables  me  to  o^r.  It 
will  not  fail  to  be  observed,  that  the  total  waste  from  this  sample  wa^  more 
than  that  from  any  of  the  samples  sent  for  trial  from  the  Cumberland  re- 
gion. The  five  samples  thus  sent  gave  an  average  of  9.939  per  cent  of 
waste^  including  clinker  and  ashes ;  while  the  coal  ftirnished  to  the  yard 
gave  14.526  per  cent.  A  similar,  or  greater,  difference  will  be  hereafter 
observed  between  the  impurity  of  a  sample  of  Midlothian  coal  purchased 
for  use  in  the  yard,  and  all  the  samples  of  the  same  coal  sent  by  the  com* 
pany  for  these  trials.  This  observation  points  to  the  necessity  of  greater 
vigilance  in  mining,  and  more  caution  in  purchasing  coaU 


No.  7. 


Bituminous  coal  from  the  Dauphin  and  Susquehanna  Coal  Company 
of  Pennsylvaniaj  sent  by  Isaac  Lea^  Esq.y  qf  Philadelphia. 

The  following  statement,  relative  to  the  origin  of  this  sample,  is  contained 
in  a  letter  received  by  the  undersigned,  and  dated 

"  Philadelphia,  August  18,  1842. 

"  Dear  Sir:  I  have  just  heard  of  the  shipment  from  Dauphin  of  three 
hogsheads  and  one  barrel  of  the  ^  Dauphin  or  Stony  Creek  coal.'  It  goes 
to  the  care  of  Mx.  N.  Hickman,  Baltimore,  with  directions  to  forward  it  to 
Commodore  Kennon,  as  you  requested. 

"I  ordered  it  to  be  taken  out  of*  Perseverance  vein,'  wishing  to  send 
you  fresh  coal ;  but  have  some  fears  that  it  may  not  have  been  as  well 
mined,  or  as  well  selected,^  it  ought  to  have  been,  as  there  was  no  regu- 
lar miner  on  the  spot. 

"  I  beg  that  you  will  make  all  allowance  for  any  defect  that  may  arise 
from  the  circumstances — ^preferring  to  have  no  report  rather  than  one  which 
might  deteriorate  from  the  character  already  established. 

"  You  have  my  best  wishes  for  a  satisfactory  termination  of  your  present 
arduous  duty. 

"  Very  respectfully, 

"ISAAC  LEA. 

^  Professor  Walter  R.  Johnson." 
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In  a  verbal  statement  afterwaxds  madoy.  Mr,  Lea*ipaDtianed<lbafi1iis 
fears  above  referred  to^  in  re^d  tp  the  selection  of  the  ^oajo^ple,  were  nnbt- 
seqaently  ascertained  to  be  in  a  measure  justified }  and  that  a  part  of  it, 
instead  of  being  freshly  mined,  had  in  fact  been  tal^en  from  a  heap  whkh 
bad  been  for  two  or  three  years  lying  near  the  mouth  of  Che  pit. 

The  exterior  aspect  of  this  coal  is  moi;e  anthracitious  than  btttimifiotis. 
Fractures  frequently  follow  the  surfaces  of  deposition  ;' striated  and  very 
smooth  fa<^  oblique  fb  those  surfaces  ihH  uti^equently  occdr.  A  set  <h 
shining  ficK^es,  fprming  the  main  partings,  appear  to  observe  the  getiera}  in[- 
clinaiion  of  60^  and  100^  to  the  surfaced  of  deposition.  AlternatiBg'  plies 
of  bright  and  dull  black  present  themselves  conspicuously  in  the  directions 
of  the  cross-partings,  but  they  are  less  strongly  marked  than  in  the  Cum- 
berland coals. 

The  specific  gravity  of  one  specimen  of  this  sample  was  fiMiod  to  be 
1.6209,  and  of  another  1.4431.  The  mean  of  the^e  gives  the  oaloitialed 
weight  per  cubic  foot  .97.5  pounds ;  whereas  tweuty-dix  trials  in  thd  charge 
box  gave  a  mean  of  50.5dS,  varying  from  46  to  56  poinds  as  the  extremes, 
or  0.5i84  of  the  calculated  weight.  The  space  required  to  stow  one  ton  is 
44.323  cubic  feet. 

The  analysis  of  the  two  specimens  of  this  coal,  of  which  d»  ^weific 
gravity  has  been  giv^n,  showed  the  first  to  com  tain  0.582,  and  the  aecdnd 
0.646  per  cent,  ofmpisture. 

In  the  steam  drying  apparatus,  28  pou;ids  lost  in  three  days  only  2 
ounces,  or  0.4464  per  cent. 

The  volatile  ingredients,  other  than  water,  in  the  first  specimen  wrec^ 
14.14S,  and  in  the  second  12.776.  The  coking  gives  a  considerable  incraase 
of  bulk,  and  the  coke  is  tough  and  coherent.  The  gas  burns  with  a  bright 
yellow  flame. 

On  two  other  specimens  of  this  sample,  four  experiments  were  mada  by 
Dr.  King,  which  afforded  a  mean  of  14.562  per  cent  of  volatile  ^maUer; 
aiid  the  mean  of  the  six,  including  the  two  on  my  own  specimens,  i9 14.292. 
Besides  these  trials,  made  expressly  to  determine  the  proiH)l^ion  o£  v^^a 
matter,  and  performed  in  close  vessels,  a  set  of  four  trials  was  made  .while 
performing  the.  incineration  of  the  first  specimen,  of  which  the  renidt.was 
14.67  per  cent.  ^    > 

The  four  experiments  just  referred  to  proved  the  earthy  matter lOfitbe 
first  specimen  to  be  17.94 ;  and  eight  others,  on  the  second  sp^mao,  gava 
21.09  per  cent,  of  the  same  materials.  The  ashes  are  bulky,  sUg^ly  gritty, 
and  of  a  bright  fawn  color. 

The  presence  of  a  considerable  portion  of  oxide  of  iron  is  indicated  hy 
the  color  of  these  ashes,  and  becomes  further  apparent  during  the  combus- 
tion on  the  grate. 

In  three  Uia\s  under  the  boiler,  there  wejre  consumed  of  this  coal  2^57.5 
pounds, leavigg  of  cUnker  91.5,  and  of  ashes  323.65  pounds:  whence  it 
appears  that  the  former  was  3.578,  and  the  latter  12.658  per  cent,  of  the 
coal  burned',  ox  the  total  waste  drawn  from  the  furnace  was  16J2dfiiper 
cent.  . 

By  reincinerating,  the  ashes  lost  37.76  per  cent,  of  their  weight,  and  the 
clinker  1.69  per  cent.;  so  that  the  amount  pf  waste  ^om  the  furaaoa  w&a 
il.396  per  cent.,  and  from  the  flues  an  addition  (as  seen  below)  of  O.X)98«tw 
n^kiug  the  whole  11.494  per  cent'  of  matter  actually  incombustible* 
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The'proimtion  df  sulphur  in  spedmen  a,  ascertained  in  the  manner  aW 
iMdf  deicribed;  was  0.869  per  cent.  Hence,  admitting  the  volatile  matter 
to  hav!6  been  correctly  ascertained  by  the  above  experiments,  we  obtaia 
for  the  oonlposition  of  Ihe  Dauphin  coal — 

WaUr^  approved  in  the  lai^e  apparatus           -  -  0.446  per  cent 

SufykuPi  by  trial  on  one  specimen          «           .  •      0.269     ^ 

VokUik  mtUUr^  other  than  above  (by  six  trials)  -  13.577     '' 

Earthy  .matter,  from  the  furnace  operations        -  -  11.494     ^ 

Carbonwpotvotatilizable  by  heat  atone  «           .  -  74.214     ^ 

100* 


The  dinfcer  weighs  39.25  pounds  per  cubic  foot ;  is  chiefly  of  a  reddishr 
bp^wvt  color,  with  some  yellowish-white  portions;  is  porous,  and  often  has 
large  adhering  fragments  of  slaty  matter,  but  little  vitrified.  ] 

Tbo'aslies  weigh  44.62  pounds  per  cubic  foot,  have  a  slight  tinge  of  red- 
nesB^  and,  when  reduced  to  pawder,  become  almost  perfectly  black,  from  the 
unburnt  coal  which  they  contain. 

AtW  thi*ee  days'  burning,  the  flues  afforded  5i  pounds  of  soot  and  dust, 
weighing  at  the  rate  of  12.45  pounds  per  cubic  foot ;  which  obviously  had 
but  little  effect  in  impeding  the  passage  of  heat  into  the  boiler,  since  the 
•fflciency  .of  the  pound  of  fuel  was  higher  on  the  second  day  than  it  had 
been  on  the  first ;  and  the  gas  entered  the  chimney  at  a  lower  temperalore 
on  the  third  day  than  on  either  of  the  preceding. 

Thw coal  takes  fire  promptly.  The  time  dapscd  between  the  commfence- 
meirt  of  chargiog  with  coal,  and  the  establishment  of  the  rate  of  steady  ac- 
tion, was  on  the  first  trial  0.75  hour,  on  the. second  0.66,  and  on  the  third 
l.dai  or,  on  an  average,  about  0.83  hour,  or  50  minutes.  The  average 
welg^tiof  tmburnt  coke  left  on  the  grate  after  each  trial  was  23.67  pounds. 

fo 'the  smith  V  fire,  the'  c^al  worked  moderately  well,  but  presented  the 
objeetionable  feature  of  giving  a  large  amoant  of  cinder.  Sixty  pounds 
were  found  suffi'i^ient  to  make  nine  links  of  a  chain  If  hich  in  diameter. 

The  sample  was  too  small  to  afford  an  opportunity  of  making  all  the 
tridls  which  might  have  been  desirable.  No  trial  is  recorded  as  having 
beeritnade^  in  tlie  office  grate ;  but,  from  the  characters  it  exhibited  in  the 
ftvmace;  no  reasonable  dbubt  can  be  entertained  of  its  proving  s^itisfactory 
forr  doo^stlc  purposes. 

A  single  trial  of  heating  power  by  the  oxide  of  lead  on  specimen  a 
yielded  25.325  times  its  weight  of  metallic  lead.  Deducting  18.525  per 
eent^,  the«um  of  its  earthy  matter  and  moisture,  this  gives  to  1  of  combus- 
tible a  reductive  power  of  31.083. 

TKe- foltowing  tables  exhibit  the  mode  of  action  of  this  coal  under  the 
boiler';  and  the  subsequent  table  of  dedtictiohs  exhibits  all  the  important 
cohctosibns  to  which  they  lead. 

This  «aito pie  €>f  coal  is  interesting,  as  Illustrating  the  passage  of  the  an- 
thracite beds  of  Pennsylvania,  near  their  southwestern  termination,  into 
tbofee  of  a' decidedly  hUdmiiious  character..  Iri  undergoing  the  process  of 
e<iWnf,'the  toa^dse^becdthe  slightly  agglutinated  together,  still  retafning,  l^ 
swflft'tfegree,  the*  original  forms.'  The  coke  is  totigh,  ofnd  has  a  brilli^u^ 
plumbaginous  livstte^.  .  -  *   * 


^7 


l^mr} 


NoT£, — Un^er  date^  May  22,  l^iyMr^lften,  gave  the  following  in. 
fortnatioti :  \ 

^  Db AR  Sib  :  I  hear  to-day,  from  the  person  who  procured  the  coal  sent 
to  you  from  Perseverance  vein,  in  the  Dauphin  Coal  Company^s  lands,  that 
there  was  not  a  single  pound  of  it  mined  for  the  purpose  of  sending  to-you, 
agreeably  to  my  orders ;  but  that  the  whole  of  it  was  raked  out  of  a  heap 
of  rabbit  whioh  bad  been  lying  at  the  mouth  of  the  drift  fir  three yearSf 
e^osed  to  the  ice  of  winter  and  heat  of  siunroer ;'  and,  of  course,  deterio- 
Tafed.  I  expressly  ordered  it  be  mined  fresh  for  Ihe  trial  \  but  I  am  told  to- 
^ay  that  *  there  was  not  a  pick  put  into  the  vein  for  the  purpose,^ 
"  I  am,  very  respectfully,  your  obedient  servant, 

« ISAAC  LEA. 

"  Professor  W.  R.  Johnson.'' 


7 


'^  .  t      . 
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TABLE  LXXV.— DAUPHIN  AND  SUSQUE 


First  trial — vpper  damper  8  inches  open;  air.plates  d^ed; 


■  1*1 


INite. 


July  27 


My  28 


Hour. 


h.  fn. 

A.  X. 

4.25 
6.30 


6.45 
7.00 
7.16 
7.30 

8.00 
8.30 

8.50 
9.30 
10.00 
10.30 
11.00 
11.30 
p.  X. 
0.00 


0.30 
1.00 
1.30 
2.00 
2.30 


3.30 
4.80 

A.  X. 

5  00 
5.15 


TSXPBB4TC7]tK9  OF  TBI 


80 
80 


80.5 
81 
81 
82 

83 
86 

89 
91 
93 
94 
95 
95 

98 


98 

98 

99 

100 

100 


102 

100 

76 
77 


.is 

< 


72 

72 


72.5 
73 
73 
73' 

74 
76 

77 
77 
77 

78 
78 

78 

80 


79 
81 
60 
80 
80 


142 
140 


82 

80 

74 
72 


146 
149 
154 
160 

173 
190 

202 
226 
236 
246 
250 
256 

262 


264 
268 
270 
274 
278 


174 
246 


2.'S6 
268 
280 

284 

296 
298 

310 

288 
287 
288 
290 
282 

274 


264 
268 
269 
274 
274 


I 
^ 


80 

80 


286 


260 


284  238 


200 
199 


198 
196 


86 
80 
80 
80 

81 
80 

80 
80 
80 
80 
80 
80 

80 


80 
80 
81 
82 
82 


87 

87 

88 
88 


OQ 


182 
227 


232 
232 
232 
232 

234 
233 

2:^2 
232 
232 
232 
282 
232 

232 


231 
232 
232 
231 
232 


79 
80 


230 

229 

218 
217 


80 
81 
81.6 
81 

82 
83 

84 

66 

87 

88 

89  ■ 

90 

90 


91.5 

92 

92.5 

93 

94 


94 

94 

81 
81 


•? 
» 


.5 

U 


.s 


L 
S 

flS 


I" 


80.10 
30.09 


30.09 
3Q.09 
30.10 
30.09 

30.09 
30.09 

30.12 
30.12 
30.12 
30.12 
30.12 
30.12 

30.12 


30.12 
30.12 
30.12 
30.12 
30.09 


0.350 
0.527 


30.08 

36.07 

30.06 
30.06 


0.541 
0.550 
0.543 
0.551 

0.545 
0.541 

0.538 
0.520 
0.529 
0.539 
0.529 
0.525 

0.524 


0.528 
0.528 
0.533 
0.529 
0.523 


0.495 

0.496 

0.379 
0.369 


t 


7.06 
5.30 


0.10 
0.20 


5.16  0.30 
5.08  0.32 
5.14  0.30 
5.06  0.30 


5.12;  0.30 
5.16  0.30 

5.19  0.30 
5.37j  0.25 
5.28|  0.27 
5.18j0.28 
5.28  0.27 
5.32  0.27 


5.33 


5.29 
5.29 
5.23 


0.2^ 


0.28 
0.30 
0.30 


5.28!  0.29 
5.34  0.28 


5.60 

5.59 

6.76 
6.86 


0.22 

0.20 

0.10 
0.10 


237 
490 
797 


1360 
1998 

2674 
3234 
3607 
4029 
4540 
4890 

5199 


5544 
6055 
6496 
68.54 
7299 


I 


1 


92.00 


96.76 


98.75 


9550 
102.001 


96.00  i 

! 

106.501 


7787 

8029 

8029 
8189 


106.25 
105.25 


107.75 


of  iteady  action,  from  7A.  35m.  a.  m.  to  2A.  30m.  p.  m.>>.6A.  55m.;  coal  suppli^  t» 

grate,  719.26  lbs.;  water  to  boiler,  lame  time,  6,408  lbs.;  water  to  1  of  ooal,  8.909. 


! 

■ 
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HANN4-  COMPANY'S  (BITUMINOUS)  COAL. 
steam  thro%on  into  ehimneyt  (tnd  small  furnace  in  action* 


C«8«3 


h*  tn. 
6.30 
6.45 

7.36 


8,10 
8.30 


10.10 
11.10 


0.20 
UOO 


9L30 


r 

P 


68.8 
68.8 


69.4 
70.0 
70.0 
69.6 

70.7 
72.7 

4:3.3 
72.7 
72.1 
73.3 

7ao 

73.0 
75.2 


73.7 
76.6 
73.fi 
74.7 
74.7 


tfi 


oil 
Pi -J J 


62 

60 


65.5 
68 
73 
78 

90 

104 

113 
134 
148 
152 
156 
161 

164 


166 
170 
171 
174 
178 


6 

8.. 


II 


1.^ 


—  8 
4-19 

24 
36 
48 
52 


77.0   184 


74.7 

73.2 
69.9 


164 

124. 
122 


62 
66 

78 
56 
55 
56 
58 
50 

4 

42 


33 
36 
37 
43 
42 


30 

9 

^20 
•21 


2.611 
2.681 
9.253 


2.083 
3.380 

4.577 
2.622 
L976 
2.235 
2.707 
1.854 

1.687 


1.828 
».707 
2.386 
1.896 
2.357 


REMARKS.— Grate  sur&ce  14.07  sqiiare  feet;  length  of 
circuit  of  heated  gases  121  feet;  heig^  of  thJamAty  63  fret 


1.292 


Commenced  firing;  water  0.25  inch  below,  normal  leK«l;< 
morning  clear;  wind  8W.,  light;  wood  consumed,  2(^ 
Ibe. ;  oonmienced  charging  with  coal;  it  ignitet  promptly. 

Steam  blows  off  at  (iA.  45iit.  a.  m. 

Fire  yary  active;  eoal  bums  with  a  clear  jellew  flame ; 
swells  and  cracks  in  coking,  but  does  not  either  agglu- 
tinate or  fidl  into  **  slack;'*  very  free  bnming ;  weight  oa 
the  valves  equahaed. 

Grate  rather  overcharged;  too  much  action  excited;  smoke 

at  chimney  top. 
FiUed  tank  partly  at  9A.  20iii.  a.  m. 
Coal  in  grata  reduced;  pitoper  aotion  re<estab|iBhed. 
Filled  tank  at  9A.  50m.  a.  m.. 
Wind  N  W.y  light;  day  somewhat  obscured  by  light  clouds. 


Smoke  15  seoondtin  reachkig  chimney  top;  lower  damper 
open  8  inches;  syphon  0.24,  with  upper  damper  8  inchea 
29  seconds;  commenced  drawing  gasea  ftom  lower  open- 
ing at  OA.  35m.  p.  m.;  drew  in  80  AiinuCas  10#  cubic 
inches,  which  gave  water  1.22  grain, -carbonic  acid  4.76 
grains,  ox3rgen  12. 22•(mbk^  inches. 

Dew  point,  by  obaarvatkn,  73^. 

Wind  N  W.,  clear;,  cloudy  around  the  horiioni .    . 

Filled  tank  at  3A.  15m.  p.  m.;  contents  of  ash  pit  put  oa 

grate;  damper  reduced  to  6  inches^ 
Water  at  0. 5  inch  above  normal  level;  fiUedtank  at  4A. 

46m.  pw  m.  < 


Water  in  boiler  adjusted. 


t  . 


•      '  RESIDUA.      •                                   .  •        "^ 

FounaJt. 

Cfinker          ..-.--.--.  89.26 

111.50 

behind  bridge   .•.------  1.66 

Total  waste 162.30 

Deduct  wood  ashes     -           -           -        \  -           -                       -           .           -  0.6S 

Total  waate  from  coal  -           --.-.--.  161.68 

Cake 17.60 


19»J 


340 

.  TABLE  LXXVI.— DAUPH W  AKD  StlSQlTE 
Serantd  itial — tippet  damper  8  inches  open  ;  air  plate*  open  ; 


}iOft» 


1.    V. 

6.15 
•30 


J«IyS9 


TEMPimATCBES  OF  TH« 


te 


^1 


t$ 


6.30 

7.00 
7.30 
8.00 

8.30 

9.00 

9.30 

10.00 

10.80 

11.05 
11.30 
p.  K. 
0.10 
0.40 
1.15 
1.45 
2.15 


2.45 

4.00 

A.  M. 

4.15 

4.55 


^ 

u 


I  ^ 
< 


a 

a 


s 


77 

84 


83 

M 

85 
86 

88 
95 
93 
94 

96 

98 
99 


73 
77 


77 

77 

77.5 
77 

78 
83 
79 
79 

80 

80 
80 


100   79 


101 


103   80 


102 
103 


80 


103 


103 


78 

78 


79 
78 

86     75 

88.5177.5 


.  . 


190 
187 


a 


I 


^ 

^ 


188) 

187 
193 
303 

310 
333 
281 
238 

344 

348 
3561 

350 

3501 

350 

360 

366 


270 

37S 

318 
313 


190 
3301 


360  88 


396 
300 
310 

306 
300 
303 
3981 

290 

294 
306 

300 

300 
300 
803] 


380 

340 

305 
205 


88 

88 


87 
87 
87 

87 
87 
87 
87 

87 

88 
88 

80 
86 
86 
86 
80 


86 

86 

86 
86 


1 

GO 


217 
338 


-^  '^ 


3 


81 
81 


a 


X 


190.06 
30.06 


mA '; 


383^1.6 '30.06 


333 
33t 

233 

333 
333 
383 


38389 


333 

332 
38« 


283  98 
333  94 

48395 


382 


232 


83 
88 

84 

I 

86 
8i 
88 


80.07 
80.07 
30.07 

30.06 
30  06 
30.06 
idO.06 


90 

93 
92 


95 


30.05 

30.05 
130.06 

10.05 

40.04 

30.03 

80.035 

30.03 


95 


338A5.6 

33080 
318  84 


30.00 
39.97 

30.03 

29.92 


f. 


a 


if 


I 

ab 


es 


!  bp 

c 


0.369 
0.533 


6.86 
5.34 


0.543  (5.14 

0.541  \^.ie 
0.543  ;5.14 
0.541   5.16 


0.530 
0.537 
0.523 
0.531 

0.531 

0.529 
0.534 


5.28 

(5.23 


0.538 
0.549 
0.531 
0.530 
0.635 


0<515 

0.493 

0.400 
0.373 


5.27 
4.30 
5.85 
5.36 


5.26  0.38 


5.24 
6.10 
6.36 
5  27 
[5.32 


15.42 

5.64 

6.50 
6.88 


0.10 

0.17 

0.34 

0.37 
0.33 
0.31 


0.38 
0.26 
0.38 
0.38 


10.38 
0.31 

0.31 
0.38 
0.39 
0.34 
0.30 


0.38 

0.33 

0.10 
0.10 


S 

Si 

a  o 


^ 


546 

886 

1505 


3030 
3460 
3876 
3348 

3643 

4080 
4335 

4930 
5440 
6030 
6413 
6843 


7186 

7450 

7460 
7690 


106.35 
93.60 


9a76 


95.50 
100.00 


103.60 

103.75 
104.75 
100.76 


riod  of  ttetdy  iction,  from  7A.  45m.  a.  m.  U>3&*  l5Bi.p.  nw— 6*.30m.|  eotl 
tim%  006.35  Ibf.;  water  to  boUer,  5,387  lb«.;  WMisr  to  1  of  cod,  8.803. 


tognto. 


( 
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HANNA  COMPANY'S  (BITUMINOUS)  COAL. 
tleam  Ihroton  into  chimney,  and  tmtUl  furnace  in  action. 


[  386  ] 


\ 


ll 


I 


6.20 
6.30 


7.45 


a65 

10.00 


^  i 

I 

i-2  5 

e  «  bo 
S'S.S 


I 


IU06 

0.10 
1.10 
3.15 


60.9 

74.7 

76.0 

74.7 

74.1 

74.0 
78.7 
75.« 

74.7 

73.7 

76.« 
75.0 

73. « 
74.0 
74.7 
71.3 
71.3 


7!l.O 

71.3 

71.3 
74.0 


US 

103 

105 

103 
108 
116 

182 
127 
139 
144 

148 

150 
151 

156 
149 

ua 

158 
164 


si 

n 
n 


—21 

28 

64 
68 
78 


I 


be 
b.  IS    . 

|'8i 


REMARKS.— Grate  sur&ce  1407  square  ieet{  kngth  of 
drcoit  of  heated  gascH  131  feet;  height  of  chimiiey  63  feel. 


168 

174 

132 
124.5 


2.892 
1.801 
3-279 


74 
68 
70 
66 

58 

62 
73 

68 

68 
68 
70 


48 

12 

—15 
—13 


2.728 
2.278 
2.251 
1.976 

2.087 

1.988 
2.702 

1.896 
2.702 
2.631 
2.076 
2.278 


Water  in  boiler  0.09  inch  above  nomud  level  at  214^| 

commenced  firing. 
Wood  consumed,  85  lbs. ;  commencod  charging  with  cool; 

morning  clear;  wind  SW.,  light. 
Fijpe  already  in  good  action;  steam  blows  oOT;  air  plates 

opened. 
No  amoke  perceptible  at  chimney  top. 


1.817 


The  observation  in  dry  and  wet  bulb  thermometer,  at  this 
eet,  is  probably  incorrect,  from  aome  transient  cause,  aa 
in  a  few  minutes  after  they  were  92^^  79^ » dew  point, 
75^.2. 

A  light  brown  smoke,  lasting  2  or  3  minutes,  at  chimney 
top  after  charging. 

Dew  point,  by  observation,  73^.  \ 

Wind  S\V.,  briidi;  clear;  clouds  around  the  horizoB;  filled 
tank  at  1  lA.  53in. 

Commenced  drawing  gases  from  lower  Hue  at  DA.  12m.  { 
drew  in  56  minutes  80  cubic  inches,  whinh  gave  water 
1.04  grain»  carbonic  add  4.21  grains^  oxygen  11.11 
cubic  inches. 


Aii[  plates  closed;  Contents  of  aah  pit  thrown  OQ  gprate; 

damper  set  at  4  inches. 
Water  kft  at  0.4  inch  above  normal  lovcl. 

Water  in  boiler  0.3  inch  below  normal  level. 
Water  in  boiler  adjusted. 


RESIDUA. 


Cfinker    - 

Aahea 

Ajties  firom  behind 


Total  wMte  from  oeal 


Oik» 


32.50 

110.50 

1.38 

144.88 
0.247 

144.133 

19.S6 


16 
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TABLE  LXXVIL— DAtrPHlN  AND  SUSQUE 
Third  trial — upper  damptr  4  inches  open ;  air 


r 

TBMPBRATUaKS  OP  THB 

1 
Height  of  barometer. 

1 

1 

o 
o 

1 

i" 

• 

9 

^ 

Dvte. 

Hoar. 

»           Open  air  entering 
below  ash  pit 

c 
76 

^         1  Air  entering  back 
2                    of  grate. 

6 
bo 

a^ 

3  « 

c 

s 

202 

i 

.a 
1 

8G 

i 
1 

.s 

215 

1 

|i 

1 

< 
83 

.3 

•a  B 

4) 

|i 

> 

c 

it 

W 
0.11 

• 

o  *- 
bo  p. 

1 

■si 

JNily29 

A.  fn. 

A.    M. 

5.  SO 

29.90 

0.370 

6  85 

• 

6.55 

90 

78 

194 

260 

86 

227 

S3 

29.90 

0.527 

5.30 

0.25 

- 

100.25 

6.30 

88 

77 

190 

268 

86 

230 

85 

29.92 

0.641 

5.16 

0.27 
0  20 

405 

101.25 

7.00 
7.30 

86.5 
88 

76.5, 
77    ' 

196 
210 

260 
263 

86 
82 

230 
231 

86 
86,5 

29.93 
29.93 

0.530 
0,524 

5.27 
5.33 

0.20 

790 

8.00 

90 

78 

223 

262 

82 

231 

87 

29.92    0  524 

6.. 33 

0.20 

1125 

110.00) 

8.30 

94 

80    ' 

2,')6 

262 

82 

23(» 

88 

29  93    0.524 

5.33 

0  20 

1510 

_ 

9.00 

95 

80 

251 

260 

82 

232 

90 

29  93    0.532 

.5.25 

0.20 

1852 

- 

9  30 

96 

80 

258 

258 

82 

231 

91 

29.93    0.531 

.').26 

0.20 

219-2 

98  50 

10.00 

99 

82 

266 

268 

82 

232 

92 

29.93 

0.526 

5.31 

0.20 

2.'^80 

— 

10.30 

99 

81 

274 

2.S8 

82 

232 

93 

29.95 

0.525 

5  32 

0.20  !  3010 

103.50 

11.00 

100 

82 

279 

258 

82 

281 

93 

29.94 

0.625 

5.32 

0.20     3364 

- 

11.30 

101 

82 

263 

264 

82 

232 

94 

29.95 

0.627 

5.30 

0.20 

3663 

103.75 

F.    M. 

0.00 

102 

82 

289 

257 

83 

232 

94 

29.94 

0.530 

5.27 

0.20 

3984 

- 

0.30 

102 

82 

286 

- 

83 

231 

94.6 

29  94 

0.540 

5.17 

0.21 

4320 

- 

1.00 

101 

82 

291 

264 

84 

232 

95  . 

29.95 

0.513 

5.44 

0.20 

4852 

100.26 

1.35 

101 

80 

288 

254 

87 

2'W 

95 

29.93 

0.510 

5.47 

6.22 
0.20 

•  • . . .  •  • 
5179 

- 

2.00 

102 

80 

286 

250 

87 

229195 

29  92 

0.560 

5.56 

8.55 

99 

80 

283 

228 

87 

228 

94 

29.91 

0.489 

5.66 

O.IO 

5336 

- 

Jiilj30 

A.  X. 

6.15 

§6 

77 

214 

190 

87 

216 

86 

•29.94 

0.368 

6  88 

013 

5341 

. 

6.45 

86 

77.5 

206 

200 

87 

214 

86 

29.93 

0.347 

7.09 

0.13 

5564 

^ 

The  period  of  ateady  •etfon*  from  7A.  a.  m.  to  OA.  45m.  p.  m.  <—  5A.  45iii.    Coal  aoppOed  to 
grale,  516  Iba. ;  water  to  boiler,  4,181  Ibik  { iwiter  to  1  of  coal,  8.103. 
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HAiJNA  COMPANY'S  (BITUMINOUS)  COAL. 
plates  closed}  steam  thrown  out  at  back  valve. 


t  886  1 


I 


A.  171. 

6.55 


7.00 


8.06 

9.15 
10,25 
11.30 


« 

1 

s 

(5 


s  I 

3    ft 

II 


73.0 

74.4 


^1 
S  i 

*"^  *-  .c* ,  2  »  c 

'3  -s  s  Js  2  i 


73,5 
74.4 
76  1 
75. » 
75.7 
77.8 
764 
11  b 
77.2 

77.1 

77.1 


0.45  '   7C.1 


119 
104 


73.5  1    102 


73.2       109.5 


122 
183 
142 
156 
162 
166 
175 
179 
182 

187 

184 


— .  13 
-h33 

33 

30 


33 
^\ 
32 
28 
27 
36 
26 
27 
32 

27 


32 

24 

21 
0 

26 
14 


o 

u  - 

n 
!5 


8 


2.145 


2  039 
1.774 
2  039 
1.812 
1.801 
2  OS.^ 
2.278 
1.822 
1.637 

1.700 

1.780 


2  818 


0.866 


KEMARK8.— Grate  surface  14.07  square  (eet;  lengtUof  cir- 
cuit of  heated  gases  121  feet;  height  of  chimney  63  ieet 


Commenced  firing;  water  0. 15  inch  above  normal  level. 
Wood  consumed,  72.5  lbs ;  morning  clear;  wind  NW.,  light; 

commenced  charging  with  coal. 
Steam  blows  off;  damper  set  to  4  inches. 

Filled  tank  at  Ih.  7m, 

Fire  in  unall  furnace  extinguiahedU 


Fire  in  steady  moderate  action. 


Dew  point  in  free  air,  by  observation^  78^.5. 


28  lbs.  of  ^  coal,  after  betng  dried  in  apfMratoi,  weighed 

27  lbs.  14  oz. 
Commenced  drawing  gas  from  Iowa-  flue  at  Ok,  18ii.;  drsw 

80  cubic  inches  in  21  minutes,  which  gave  wnler  0.9  grain, 

carbonic  acid  4.17  grains,  oxygen  9.074  cubic  indies< 

temperature  at  bath  96^. 
FiUed  tank. 

Contents  of  a^  pit  thrown  on  grate. 
Damper  dosed,  and  air  port  stepped. 

Water  0.35  inch  b«law  noraud  leveL 
Water  in  boiler  adjusted. 


RESIDUA. 


Cfinker    .  • 

Ashes 

Adies  behind  bridge 

Total  clinker  and  ^ghei 
Deduct  wood  adMi  - 


Total  vrasCa  from  eoal 
Cbka 


19.76 

96.76 

1.07 

1 19.57 
9.223 


119.847 
84.26 


6.76 


" 
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1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

13 

13 

14 

16 

16 

17 

18 

19 

30 
31 
33 

33 

34 

36 

36 
37 

38 
39 
80 
31 
32 
33 
34 
3.') 
30 
37 
3H 
30 
40 
41 

42 
13 
44 
46 
46 
47 
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TABLE  tXXVlIL— DEDUCTIONS 
Experiments  on  Dauphin  and 


Natvre  of  the  daU  famuhed  by  the  re^Mcti^e  tahles. 


Total  dorution  of  the  experiment,  in  hours       "  - 
Duration  of  steady  action,  in  hours         ... 
Area  of  grate,  in  square  feet       .... 
Area  of  heated  surfiice  of  boiler,  in  square  feet 
Area  of  boiler  exposed  to  direct  radiation,  in  square  feet  > 
Number  of  charges  of  coal  suf^lied  to  grate 
Total  weight  of  coal  supplied  to  grate,  in  pounds 
Pbunds  of  coal  actually  consumed  .  .  , 

Pounds  of  coal  withdrawn  and  separated  after  trial 
Mean  weight,  in  pounds,  of  one  cuMc  foot  of  coal 
Pounds  of  coal  supplied  per  hour,  during  steady  action     - 
Pounds  of  coal  per  s<]uare  foot  of  grate  surface,  per  hour  - 
Total  waste,  ashes  and  clinker,  from  100  pounds  of  coal  - 
Pounds  of  clinker  aloiie,  from  1 00  pounds  of  coal 
Ratio  of  clinker  to  the  total  waste,  per  cent. 
Total  pounds  of  waAer  supplied  to  the  boiler 
Mean  temperature  of  water,  in  degrees  Fahrenheit 
Pounds  of  water  supplied  at  the  end  of  experiment,  to  re- 
store level       -.---- 
Deduction  for  temperature  of  water  supplied  at  the  end  of 
experiment,  in  pounds  -  .  -  - 

Pounds  of  water  evaporated  per  hoin*,  during  steady  action 
Cubic  feet  of  water  per  hour,  during  steady  action 
Pounds  of  water  per  square  foot  of  heated  surface  per  hour, 
by  one  calculation        -  -  -  .  - 

Pounds  of  water  per  square  foot,  by  a  mean  of  several  ob- 
servations       -  -  -  -  -  . 
Water  evaporated  by  I  of  coal,  from  initial  temperature,  (a) 
final  result       ..---. 
Water  evaporated  by  1  of  coal,  from  initial  temperature,  (b) 
during  steady  action     -             -             -             -             - 
Pounds  of  fael  evaporating  one  cubic  foot  of  water 
Mean  temperature  of  air  entering  below  ash  pit,  during 
steady  pressure             -             .             -             .             - 
Mean  temp,  of  wet  bulb  thermom.,  during  steady  pressure 
Mean  temperature  of  air,  on  arriving  at  the  gprate 
Mean  temperature  of  gases,  when  arriving  at  the  chimney 
Mean  temperature  of  steam  in  the  boiler  -             -  - 
Mean  temperaturo  of  attach;  d  thermometer 
Mean  height  of  baromeirr,  in  inches        -             -             . 
Mean  number  of  volumes  of  air  in  manometer 
Mean  height  of  mercury  in  manometer,  in  atmospheres     - 
Vean  height  of  water  in  Ryph^>n  draught  gauge,  in  inches 
Mean  temperature  of  dcv  point,  by  calculation    - 
!Vftan  gain  of  temperature  by  the  air  before  rcachiog  grate 
Mean  different-e  between  ateam  and  escaping  gases 
Water  to  1  of  c«»al,  corrected  for  temp,  of  water  in  cistern 
Water  to  1  of  ooal,  from  'Zl'Z^,  corrected  for  temperature 
of  water  in  cistern        -             -             -             .  - 
Pounds  of  water,  from  312*^,  to  I  cubic  foot  of  coal 
Water,  from  3 12®,  to  1  lb.  of  coiubustible  matter  of  the  ftiel 
Mean  prcwure,  in  atmospheres,  above  a  vacuum  - 
Mean  pressure,  in  pounds  per  sq.  inch,  above  atmosphere 
Condition  of  the  air  plates  at  the  furnace  bridge  - 
Inches  opening  of  damper,  (  V,  upper)    ... 


letTrbl. 
(Tab.  LXXV.) 


July  37. 

34.988 
6.917 
14.07 
377.6 
16.75 
10.0 
1005.76 
988.26 
17.50 
50.3875 
103.99 
7.319 
15.348 
3.9565 
35.778 
8189.0 
^0^.9 

160.0 

30.0 
936.54 
14.824 

3.454 

3.506 

8.267 

8.909 
t.5602 

910.31 
7r>.08 
333*».39 
380<>.58 
333«.06 
86°.97 
30.109 
5.388 
0.5343 
0.3831 
73^.67 
1310.08 
50O.938 
8.3353 

9.3835 
466.84 
10.967 
1.4334 
6.8633 
ChMed. 
U.    8 


3d  Trial. 
{Tab.  LXXn.) 


July  38. 

33.667 
6.50 
14.07 
377.5 
18.76 
9.0 
904.75 
885.5 
19.35 
50.323 
97.0 
6.894 
16.375 
3.6635 
23..M)9 
7690.0 
860.5 

330.0 

38.0 
^53.9 
13.60 

3.363 

3.899 

8.653 

8.808 
7.223 

94M9 
780.84 
330«94 
3970.53 
3330.0 
890.03 
30.053 
5  240 
0.5331 
0  2992 
740.56 
1360.75 
670.73 
8.61M 

9.6653 
486.37 
11.544 
1.4371 
6.3077 

Open* 
U.    8 
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PROM  TABLES  LXXV,  LXXVI,  LXXVII. 
Sutqnehannu  Company**  eooL 


3d  Trial. 

Averagct. 

lUiiMrki. 

i'M.LXXVIL) 

\ 

Myt^. 

\ 

w 

S6.4i7 

6.75 

■* 

14.07 

• 

377.6 

18  76 

•7.0 

717.5 

, 

• 

683.36 

34.36 

33.67 

The  stow  combufHoii  in  the  3d  trial,  earned  on  with  a  daaiyer 
drawn  bnt  four  inches,  appears  in  this,  as  in  maBY  olher  in- 
stances, to  have  caosed  the  early  extinction  of  the  fire,  tearing 

61.35 

60.6198 

89.733 

96.904 

6.377 

6,863 

neariy  double  as  much  unburnt  coke  on  the  grsAe  as  in  silher  af 

17467 

16.363 

,  the  o&ier  two  experiments. 

3.8853 

3.5018 

16.618 

31.603 

6564.0 

* 

83<>.0 

338.0 

* 

MO 

737.131 

836.857 

• 

11.63# 

13.363 

1.93a 

2.314 

1.887 

. 

8.10M 

8.3408 

8.108 

8.605 

Mora  coal  appears  to  have  been  immed  dmrisg  the  period  of  steady 

7.7138 

7.499 

action,  in  tho  Ist  and  3d  trialfl,  than  was  actually  put  upon  the 

80<>.85 
257®.  0 
3610.17 
331^81 
91«.0a 
39.936 
5.300 
0.637 
0.8009 
7«o.O 
160^.63 
390.8 
8.0693 

9.0798 
465  34 
11.0014 
1.4143 
6.1184 
Cloaed. 
TJ.    4 


3360.78 
3790.75 


6.3607 

1430.83 
490.486 
8.3066 

9.3438 

473.86 

11.1708 

l.'VSIO 

6.2366 


grate  in  the  same  time.  This  is  easily  accounted  for,  by  the 
fiict  that  the  large  amount  of  vraste  left  on  the  grala  angmeotad 
the  apparent  bulk  of  the  ftiel  at  te  end  of  that  time. 


The  comhu$tibU  matter  of  this  coal  has  a  vary  high  evaporative 
power,  diongh  the  lai^  proportion  of  wtuUf  as  seen  in  line  13, 
delMcts  eoDsidpimhIy  fiom  ils  aficieiM^  aa  k  6^1. 
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Bituminous  coal  from  Blosiburg,  THoga  county,  Pa.,  sent  by  the  Jirbon 

Coal  Company. 

The  followiDg  letter  contains  the  information  required  b^  the  departmeni 
to  accompany  each  sample  of  coal  furnished  for  trial  in  these  experiments: 

"  Blossburo,  Ju7ie  24,  1842. 
<*  To  the  Board  of  Commissioners  of  the  Navy  Department  : 

"Gentlemen:  In  accordance  with  an  advertisement  published  by  the 
department  m  the  Commercial  Advertiser,  New  York,  of  April  14,1842, 
calling  upon  proprietors  of  mines,  and  others  furnishing  fuel,  to  forward  a 
quantity  of  the  fuel  they  respectively  furnish  to  Washington,  for  trial,  the 
Arbon  Coal  Company  have  despatched  to  the  navy  yard  at  Washington 
two  tons  of  the  coal  worked  at  their  mines,  for  the  above  specified  objects. 
Tliis  coal  was  worked  in  the  month  of  January,  at  the  mines  belonging  to 
the  company,  and  situated  in  Blossburg,  Tioga  county,  Pennsylvania,  and 
has  been  lying  exposed  to  the  weather  till  packed  for  exportation,  May  12, 
1842.  It  forms  a  fair  sample  of  the  quality  of  the  coal  constituting  the  vein 
they  now  work.  It  is,  on  an  average,  three  feel  in  thickness,  pure,  and  of 
very  superior  quality.  It  is  mined  and  filled  into  the  railroad  cars  directly 
at  the  openings,  is  sent  to  Corning,  and  there  tipped  into  the  canal  boats, 
which  proceed  through  the  Chemung  canal  to  the  New  York  and  Eric, 
and  so  on  to  Albany  and  New  York,  where  it  would  be  most  convenient 
to  deliver  any  quantities  that  may  be  contracted  for. 

"  I  take  pleasure  in  signing  myself  your  very  obedient  servant, 

"J.  W.  JOHNSTON, 
**  Superintendent  of  A'bon  Coal  Company, ^^ 

The  exterior  characters  of  this  coal  are  a  columnar  structure,  with  the 
main  partings  inclined  to  the  surfaces  of  deposition,  in  angles  varying  from 
80  to  85  degrees.  The  color  is  a  deep  shining  black,  with  but  few  plies  of 
a  dull  aspect.  The  horizontal  partings  are  in  some  instances  marked  with 
efflorescent  sulphate  of  iron,  the  presence  of  which  is  easily  recognised  by 
the  senses*  This  efflorescence  of  the  sulphuret  into  the  sulphate  appears 
to  be  the  chief  cause  of  the  disintegration,  more  or  less  rapid,  of  the  differ- 
ent coals  in  which  it  takes  place. 

The  specific  gravity  of  one  specimen  examined  was  found  to  be  1.3236, 
and  that  of  another  1.9542.  The  latter  doubtless  contained  an  undue  pro- 
portion of  sulphuret  of  iron.  Admitting  the  first  to  be  a  fair  average  re- 
sult, the  weight  of  a  cubic  foot  will  be  82.73  pounds.  The  weight  in  its 
merchantable  state,  as  determined  by  41  trials  in  thedwrge  box,  was  from 
49.625  to  57.25  pounds,  and'on  an  average  53.048  pounds  per^ubic  foot.  It 
follows  that  the  space  required  for  stowing  one  ton  will  be  42.221  cubic  feet. 

The  moisture  expelled  from  specimen  a  was  (K758,  and  that  from  4 
0.683  per  cent. 

From  28  pounds  dried  in  the  steaming  apparatus,  6  ounces  of  moisture 
were  expelled,  or  1.339  per  cent. 

It)  addition  to  the  moisture,  a  heat  of  bright  ignitioA  expelled  from  spe- 
cimen a  12Uil4  percent,  (^volatile  Blatter,  and  from  b  \1.111. 

Two  other  specimens  afforded  to  Dr.  King  a  mean  of  16.26  per  cent,  of 
volatile  matter  ;  and  Uie  mean  of  all  the  trials  gives  the  total  volatile  mat« 
ler  of  this  coal  16.119  per  cent. 
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The  sulphur  in  specimen  a  was  found  to  be  0.853  per  cent. 

Four  trials  on  the  incineration  of  each  specimet^  gave  for  a  5.40,  and  for 
d  13,246  per  cent,  of  ashes.  Before  the  incineration  was  complete,  the  last 
specimen,  when  withdrawn  from  the  muffle,  was  found  to  emit  a  very 
strong  odor  of  sulphurous  acid.  The  ashes  produced  at  the  lowest  tem* 
perature  were  of  a  purplish-gray  cqlor;  those  which  had  been  more  strongly 
heated,  were  of  a  deeper  red,  and  had  small  masses  of  oxide  of  iron  scat- 
tered through  them.  The  ashes  of  specimen  b  were  of  an  entireJy  different 
character — being  grayish  white,  and  more  dense  than  those  of  the  other. 

In  burning  4,295  pounds  of  this  coal,  there  were  produced  of  ashes 
290.46,  and  of  clinker  189.75  pounds;  or  the  former  was  6.763,  and  the 
latter  4.418  per  cent-  of  the  coal  burned — the  total  waste  being  11.181  per 
cent. 

The  dinfcer  is  of  a  dark-brown  color,  having  fragments  of  slaty  residuf 
intermixed,  not  remarkably  porous,  and  considerably  agglutinated.     1 1 
weighs  30.87  pounds  per  cubic  foot.     The  ashes  weigh  44.5  pounds.    Tht 
reiBeliieratlon  of  ashes  and  clinker  proved  that  the  former  had  embracec 
8.354  per  cent.,  and  the  latter  0.436  per  cent,  of  combustible;  whence  thb 
absolute  quantity  of  incombustible  ingredients  is  10.597  per  cent. 

The  composition  of  the  coal  may  be  thus  stated : 

Moisture        .....  1.339  per  cent. 

Siilphur          .             -         *    -             -             -  0.853       « 

Other  volatile  matter  -            .            -            -  13.927      <* 

Earthy  matter            •            •            -            -  .    10.773      ** 

Fixed  carbon              -            -            -            -  73.108      *^ 


100. 


After  four  days'  operations  in  burning  this  coal,  there  were  obtained  of 
«oot  14  pounds,  weighing  at  the  rate  of  12.06  pounds  per  cubic  foot.  This, 
when  incinerated,  gave  7.583  pounds  of  ashes,  or  0.176  per  cent,  of  the 
coal  which  is  included  in  the  earthy  matter  above  given. 

For  the  purposes  of  working  iron,  this  coal  will  be  found  well  adapted 
where  a  large  hollow  fire  is  not  required.  Sixty  pounds  of  it  were  found 
sufficient  to  make  10  links  of  a  chain  1 1  inch  in  diameter.  For  domestic 
purposes  it  will  be  equally  appropriate,  where  a  lively  fire  of  medium- 
sized  flame  is  desired,  arid  where  a  higlf  intensity  of  combustion  is  not 
uaeessary.  If  used  in  close  stoves,  or  Ik) use-heating  furnaces,  the  amoont , 
and  charaete?  (rf  its  residamn  will  probably  be  found  to  interfere  with  a 
satisfactory  application. 

This  coal  takes  fire  promptly;  50.5  minutes  was  the  mean  time  required 
by  it  to  bring  the  boiler  to  regular  action,  after  the  commencement  of 
charging.  It  also  burns  up  tolerably  clean ;  having,  as  will  be  seen  from, 
the  table  of  deductions,  left  on  an  average  only  13.75  pounds  of  unbumt  coke 

after  each  trial. 

An  experiment  by  the  oxide  of  lead  on  specimen  o,  above  analyzed,  re- 
sulted in  reducing  30.785  times  the  weight  of  coal  employed.  Deducting 
the  earthly  constituents,  this  gives  32.542  of  lead  to  one  of  combustible 
matter  of  the  coal. 
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TABLE  LXXIX.— 
First  trial — vpper  damper  10  inclut  apetti 


-. 

i 

h 

St 

?! 
Ill 

«.3H 

7.06 

0.M 

_ 

_ 

0.91S 

6.41 

o.so 

- 

104.  M 

0.H0 

5.17 

0.19 

0.38 

640 

1U.M 

O.MS 

6.  OS 

0.656 
0.666 

5.  OS 
6.0* 

0.40 

r087 

ite.u 

0  40:1087 

0.4m374 
0.45,3788 

"idiM 

0.660 

498 

0.6S3 

4.86 

1)4.51 

0.6.15 

6.  OS 

D.  40  3689 

1)8.60 

0.650 

6.07 

0.38  4417 

0.591 

60« 

0.88  6077 

106.69 

0.643 

S.I4 

0.30  6179 

I0I.H 

0,.'.48 

6.10 

0,38  6671 

111.60 

0.643 

5.14 

0.37,7079 

0.648 

6.09 

0.39  7786 

109.85 

0.533 

5.34 

0.S5'B383 

0.6*7 

5.31 

0.S5  8719 

loe.u 

'i^'ii 

"s'm 

0.84  9137 

""-""' 

0.495 

9.6a 

0,80  9710 

0  368 

6.07 

0.8fl,97« 

_ 

0.347 

7.08 

-r 

* 
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airplaies  closed;  stettm  thrown  into  cfUmney. 
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I 


•.30 
6.47 


7.50 


aao 

lO.OO 

11.10 

ll.iO 
0.10 

LIS 

S.SO 


I 


70.8 
70.8 
71.4 


7».l 

78.8 

71.4 
70.7 
78.6 
78.2 
78.9 
73.3 

73.8 
74.9 
75.2 
74.6 
76.9 
75.8 


78.8 

788 

73.9 
78.9 


66 
66 
69 


71 

88 

107 
121 
136 
161 

1^8 
184 

187 
196 
201 
811 
217 
226 


222 

813 

110 
106 


23 
50 
49 


78 
80 
90 
60 
79 
78 

74 
84 
76 
84 
68 
68 


68 


6 


—42 
—28 


1.996 
2.688 


3.417 
3.109 
2.691 
4.805 
3.867 
2.628 

3.508 
2.607 
3  248 
4.488 
2  711 
1.785 


2.225 


REMARKS.— Grate  aurfiMe  14.07  square  feet;  length  of 
ctrcuit  of  heated  gasea  121  feet{  height  of  chimney  63  feet 


Small  furnace  in  action{  water  0.05  inch  above  normal 

level;  commenced  firing. 
Wood  coniuroed,   146.6  ponnda;  ^mmenoed  charging 

with  coal;  it  takes  fire  promptly. 
Steam  Mows  ofif  at  6A.  40m.  a.  m. 

Tai^  partly  filled  at  ih.  40m. 


Filled  tank  at  8A.  16m. 

Placed  28  pounds  of  this  coal  in  drying  i^iptfatns. 
Smoke  18  seconds  in  reaching  chimney  top. 

Morning  clear  until  this  time;  now  cloudy)  wind  SW., 

hridc 
Filled  tank  at  m. ;  fire  out  in  small  funiaee,  and  itsdamper 

closed. 


Wind  S.,  bridL;  dear  at  8A.  80m.  p.  m. 

Contents  of  ash  pit  thrown  on  grate;  dew  point,  by  obser- 
vation, 74^;  by  calculation,,  at  same  jdaoe,  75^.6. 

Filled  tank  at  tk*  60m.;  damper  reduced  to  6  inches  at  8A. 
p.  m. 

Water  in  boiler  left  at  0.2  kich  above  normal  level;  wind 
Sff.,  brisk;  clear. 

Water  m  boiler  adjusted. 


CliBkar 


beliind  bridge 


Total  ashes  and  eKnker 
IMiiet  wood  ashes    > 


Tolil  waste  fimn  coal 
Ookie 


RESIDUA. 


66.76 

61.00 

8.64 

180.89 
0.45 

119.84 


14.86 
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TABLE  LXXX.- 
Second  trial — upper  damper  5 


DalA. 

Hour. 

n  air  entering 
'low  ash  pit. 

TBi 

• 

f, 

1" 

tPKRATC«ES  OF  TBS 

M          L 

si  ^-^  ^    '1 

slir-s  .s 

• 

§ 

a 

It 
•s 

ght  of  biarometer. 

ght  of  manometer. 

.3 

1 

tjht  of  water  in  sy- 
phon. 

.s 

o 

■B 

O 

t 
^ 

< 

C        !    > 

i                1 

1        1 

?0 

rt 
< 

•s 

> 

1-^ 

A.m. 

■ 

JttfylS 

A.    M. 

5.18 

80 

fo.6 

186 

:          1 
186|^83  ! 

209 

80 

110.91 

0.347 

7.08 

0.20 

6.45  W 

76 

176 

1 
252    83  1 

222  80     1 

29.91 

0.533 

5.24 

0.22 

-     1 104.25 

6.00  |8l 

77 

175 

242 

«3, 

227  80 

29.91 

0.533 

5  24 

0.28 
0.28 

^     1       ■" 

• 

162il06  00 

6.30  ;81 

77 
77 

180 
184 

270    83  1 

1         : 
376j  83 

228  80.5 

229  81 

29.91 
29.92 

0.53  i 
0.63d 

5.24 
5-21 

7.00 

91 

0  30 

573j       - 
1080    99.25 

7.30  jSl 

77 

196 

276    83 

229  83 

29  92 

0.539 

5.18 

O.30 

8.00    83 

77 

208 

300    83 

230  83 

29.92 

0643 

5.14 

0,37 

1427 

- 

8.45  \ 

85 

78 

228 

290 

83 

230 

84 

29.92 

0.540 

5  16 

0.40 

1937  108.75 

9.15 

87 

78 

238 

300 

84  1 

230 

86 

29.92 

0.541 

5.16 

0.38 

2662;       - 

10.00  i93 

78 

254 

300 

83 

230 

87 

29.92 

0.541 

6.16 

0.40 

3415  112.95 

10.85    90 

77 

262 

302 

84 

230 

88 

23.92 

0.648 

5  10 

0.44 

3850  113  251 

11.26  ;93 

77 

280 

290 

84 

228 

89 

29.92 

0.517 

5  40 

0.32 

4960;  107. 7« 

t 

p.  X*    1 
0.00  i94 

78 

294 

282 

84 

228 

90 

29.92 

0.617 

6.40 

0.27  i  5635 

M 

0.30 

95 

80 
78 

308 

272 

83 

227 

91 

29.91 

0.616 

5.41 

0.27 

5975 

107.00 

1.20 

94 

316 

270 

84 

228 

91 

29.92 

0.517 

6.40 

0.39 

6497 

- 

1.50 

90 

78 

806 

282 

84 

1  ..  . . 

227 

88 

29.91 

0.509 

6.48 

0.35 

7149 

110.00 

3.00 

87 

77 

312 

252,  84 

...... 

226 

86 

29.91 

0.512 

6.45 

0  28 

7697 

. 

5.15 

88 

T7 

298 

220    84 

225 

85 

2991 

0.485 

5.70 

0.20 

8149 

- 

Inly  19 

A*  M. 

4.10 

79.6 

7U 

224 

190    83 

218 

80 

29.92 

0.402 

6.53 

0.16 

8164 

. 

4.50 

79 

71 

220 

181    83 

218 

80 

29.92 

0.385 

6.71 

0.15 

8312 

— 

Period  of  steady  action,  from  6A.  30m.  a.  m  to  \h.  50»i.  p.  m.>==7A.  20fi».;  coal  supplied  to 
grate  in  same  period,  758.25  Ibs.^  water  t?  boiler  in  same  period,  6,997  Iba.;  and  to  1  of  coal, 
9.227. 


961 
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BLOSSI^URG  COAL. 
inches  open;  airpldtcB  ciase<L 


A*  IW« 


6  46 


6.30 


7.30 

8  15 

».i5 
10^0 
U.96 

0.30 
1^ 


•- 


I 


1 


73  9 

73.2 
75.6 


75l6 

76.6 
76  6 
7§i) 
75  « 
75. « 
73.6 
73.0 
7».l 

79.8 
75  9 
7«.8 
74.4 


73.8 
73  5 

65.1 
62.6 


106 

96 
04 


99 

103 
115 
1£5 
143 
151 
161 
172 
187 

800 
313 
888 

816 


4-23 

30 
15 

42 


325 
310 

144  6 
141 


47 
47 
70 
60 
70 
70 
72 
62 

54 
45 
42 
57 


II 


1^1 


0.805 


]U:MARK8.— Grate  smibce  14.07  Aqiuure  feet{  length  oi 
circuit  of  bnted  gasee  181  iseti  lieight  of  chiwiej^  63  jGe#. 


26 
—  6 

—88 
—31  J 


2.230 
2.686 
1.638 
1.801 
3  841 
2.659 
2  580 
2.940 

3.065 
1.801 
1.659 
3.454 


1.2H 


Water  0.07  inch  above  normal  level;  commenced  firing! 

cloudy. 
Wood  consumed,  90.5  Ibsf  commenced  charging  witfacoaL 
Steam  blowing  olC 

Fire  in  full  activitgr. 


Set  damper  at  4  incheH  at  IQA.  50m.;  filled  tank  at  1U.| 
wind  NW.,  briak;  dear;  aeoond  weight  taken  from  back 
valve,  to  allow  part  of  the  ateam  to  escape  in  that  directieB^ 
and  prevent  priming* 

Second  weight  replaced  on  back  valve' 
Filled  tank  at  lA.  50ii».  p.  im 

Contents  of  a4i  pit  thrown  on  grate. 

Water  in  boiler  left  at  0.3  inch  above  normal  level. 

Water  in  boiler  0. 1  inch  below  nA^mal  level. 
Water  in  boiler  adjusted. 


RESIDUA. 

Pouruk. 

Clinkar       .            -            .            - -  40.76 

hAm         '       - 78^^0 

Aihei  behind  bfidge             •-            -            •            -            -            •            ^  %.90 

ToUl  ai4ies  and  clinker 116.16 

Moct  wood  aihea               ..-.-•-.  0.378 

Total  waste  from  ooal          •            -            -            -            -            -            ...  116.873 

Coke. *-  13.85 


[  3S6  ]  352 

TABLE  LXXXI— 
TViird  trial — vpper  damper  10 


Period  of  atacil;  action  thU  daj,  from  7A.  15ni.  a.  m.  to  SA.  ibm.  p.  m.  —  7A.'    CodtonM 
Ofrate,  MUeporiod,  TlS.aS  [b*.*  W«l«r  to  boiln,' 6,938  nw.;  or,  to  1  of  ooal,  f.nS. 
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BLOSSBURG  COAL. 
inches  open  ;  air  plates  open. 


RBMARK8. — GratenirfiMM  14.07  square  feet;  tength  of  but- 
&ce  of  heated  gases  181  feett  height  of  chinmey  63  feet. 


8.030 
3.073 
3.305 
8.032 
8.857 


Water  0. 16  inch  above  normal  level}  wind  W.,  clear j  com- 
menced firing. 

Wood  consumed,  70}  lbs.;  steam  at  equilibrium;  commenced 
charging  with  coal. 

Steam  blows  off. 

Air  plates  opened,  back  ^Ne  dooble  weighted. 

Fire  active;  extra  weight  removed  from  back  valve; 
eecapes  from  both  valves. 


Filled  tank. 

Wind  NW.,  light;  clear. 


Rise  of  temperature  of  watm*  in  tank  probably  due  to  the 
cape  of  steam  into  it,  through  leakage  of  the  cocks  of  the 
filting  apparatus. 

Filled  tank. 

Wind  SW.,  strong. 


1,833  I  Damper  reduced  to  4  inches;  air  ptetea  closed,  and  bark  vilve 
loaded  at  2A.  50m.  p.  m. ;  contents  of  ash  pit  thrown  on 
grate;  water  at  4A.  4&m.  p.  m.  left  0.4  inch  above  normal 
levbl. 
Water  in  boiler  ad}nsted. 


RESmUA. 


Aibas  btliDa  kridfl* 

Total  clinker  and  aAes 
Dedttetwood  ashes 


TcM 


feomooal 


Founds* 
44.  CO 

eo.ijs 

3.11 

107.36 
0.217 

107.143 

9.86 
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TABLE  LXXXII- 
Fourth  trial — upper  damper  4 


TXMPSmiTTKBfl  OF  TBX 

• 

• 

1 

• 

Weight  of  water  sup- 
ptied  to  boiler. 

'S 

Dale. 

Hoar. 

Open  air  entering  ' 

below  ash  pit      ! 

J. 



64 

|l 

218 

S  = 
6 

9 

206 

1 

u 

84 

i 
I 

.s 

CO 

218 

Attached   thermo-  • 
'                      meter.            1 

Height  of  barometei 

1 

O 

1 

Volumes  of  air  in  i 
nometcr. 

Height  of  water  in 
phon. 

■ 

Weight  of  charges 
coal. 

July  20 

h,  m. 

A.   M. 

5.15 

— 
7*2 

29.94 

0.400 

6.48 

0.16 

^ 

.. 

5.48  ,73 

65 

208 

270 

84 

228 

74 

29.94 

0.533 

5.24 

0.26 
0.29 

149 

100.75 
102.75 

6.20  74 



6.> 

198 

268 

84 

2:n7l     ' 

29.94 

0.523    5.28 

7.25  ;74 

1 

66 

224 

290 

84 

2;$o 

74 

29.97 

0.529    5.28    0.36 

906 

- 

8.00  ,76 

1 

66 

244 

296 

84 

230 

1 
74 

29.97 

0.531 

6.26 

0.30 

1464 

105.25 

1 
8.30  78 

66 

260 

300 

83 

230 

75 

29.98 

0.620 

6.37 

0.28 

1949 

. 

9.10  81 

71 

276 

290 

83 

230  76 

29.98    0.520  |  5.37 

0.27 

2344 

104.75 

9.. 50  80 

67 

286 

292 

79 

230  77 

29.98  ,  0.520  ,  5.37 

0.30 

2764 

105.75 

10.30  |80 

er^ 

292 

294 

78 

2;u 

78 

30.01 

0.532 

5.25 

0.30 

3274 

-- 

11.00  81 

65 

300 

29  J 

78 

231 

79 

30.00 

0.632 

5  25 

0.26 

3629 

- 

11.30 

80.5 

6t 

302 

302 

78 

231 

78 

30.01 

0.530 

6  27 

0.80 

3946 

113.00 

p.  M. 
0.10 

86- 

68 

292 

280 

78  ^ 

231 

79 

29.99 

0.5*1 

6.36 

0.28 

4668 

^ 

0.40  82 

fri 

302 

298 

78 

231 

79 

29.99 

0.530 

5.27 

0.28 

5129 

108.00 

1.30  ,80 

64 

310 

300 

78 

231 

79 

30,00 

0.527 

6.30 

0.27 

5824 

107.25 

2.00  83 

64 

308 

320 

78 

232.79 

29.98 

0.685 

6.22 

0.80  1  6244 

- 

2.30  ;84 

68 

314 

298 

78 

232  79 

29.97 

0.532 

6.25 

0.28     6678 

<~ 

3.00  83 

65 

314 

292 

78 

23279 

29.97 

0.541 

5.16 

0.29     6929 

168.25 

3.45  |85 

66 

318 

295 

82 

232;  79 

29.97 

0  631 

5,26 

0.27  1  7636 

- 

4.30  ,82 

64 

318 

294 

82 

232  78.6 

29.98 

0.535 

5  22 

0.28  :  8i»l 

105.69 

. 

5.00  ,82 

1 

64 

306 

338 

82 

232 

78  5 

29.97 

0.639 

5.18 

0.26  i  84S9 

1 

— 

* 

5.30  :84 

66 

312 

288 

82 

232 

79 

29.98 

0.635 

6.22 

0.28 

9084 

107.00 

6.00  |81 

64 

318 

282 

S2 

289 

79 

29.98 

0.527 

6.S0 

0.86 
0.24 

988i 
9737 

6.10 

Y9 

62 

318 

274 

82 

230 

79 

29.99 

0.625 

6.32 

July  21 

A.   M. 

6.00 

66 

57.6 

216 

209 

79 

tl8 

67 

30.04 

0.406 

6.5^ 

0.14 

10061 

- 

Period  of  iteadj  tetioii,  Irom  7h.  60m.  a.  m.  to  6A.  7m.  p.  m.  -•  i^  17m*4  ^^ 
groe,  868  Ibc;  water  to  boUer,  7,881  lbs.;  or,  to  1  of  ood,  8.682. 


mffM  ^ 
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BLOSSBURG  COAL. 

inches  opeA;  air  plates  half  open. 


I 


a 
o 


»•  IH» 


6.48 


6.20 


7.50 


9 

5 


59.3 


.60.6 


>>  bo 

^  c 

a  V 


ii. 

«S  3 


U4 

o 


3^61  Is 


18 

i-1 


3 

o 


5^ 


9.00 
9.50 


11.30 


020 
1.15 


2.45 
3.55 


6.07 


60.1 
65.1 

60.8 

59.8 
66.9 
60. 7 
57.1 
56  6 
54.9 


59.9 
54.12 
56  2 
63  7 
67.1 
65  6 
56.6 
54  2 
64.2 


67.1 


54.7 


146 


135 


121 
150  } 

168 

182 
195 
206 
212 
219 
221.5 


20G 
220 
230 
225 
23U 
231 
233 
236 
224 


228 
237 


51.7   239 


60.6 


UO 


—12 

+42 

37 
60 

f  66 


K 


0  740 
1.851 

2  489 


70 
60 
62 
63 
63 
71 


49 
67 
69 
88 
66  1 
60 
63 
62 
106 


66 


60 


44 


—  9 


2.622 

1  569 
1.669 
2.026 
1.351 

2  209 


2.819 
2  474 
2  299 
2  225 
1.769 
1  859 
2.211 
2.105 
1.791 


3.162 


REMARKS. — Grate  surface  14.07  square  feet;  length'  of 
circuit  of  hcatod  gaiCH  121  feet;  height  of  cliimney  63  feet 


1.314 


Clinker 

XibM 

Aihes  behind  hridge  - 

Tobl  c&nlber  and  aahes 
Miict  wood  ariiea    - 

tolal  wa4te  from  eoal 
9mK;  (i  buftung*)    - 


Water  in  boiler  0. 16  inch  above  normal  levrl;  6 re  in  small 

fumaee;  valves  double  weighted. 
Wood  consumed,  69  lbs. ;  commenced  charging  with  coal, 

sccoi.d  weights  rcanoved  from  valves j  steam  blows  off; 

coal  takes  lire  promptly. 
Wind  N E.J  cloudy. 


Wind  NW.,  brisk;  cloudy. 

Commenced  drawing  g^aseafrom  lower  flue  at  11  A.  29m. 
a-  m  ;  drew  in  33  mhiutes  101  cubic  inches,  which  gave 
water  0.77  grain,  carbonic  acid  6.24  grains,  and  12.537 
cubic  inches  of  oxygen. 

Wind  NE.,  brisk;  clear. 


Filied  tank;  coal  in  drying  apparatus  weighs  26  lbs.  10  os. 

Commenced  drawing  gases  from  lower  flue  at  4A-  28fn.  p. 
m.;  drew  in  37  minutes  100  cubic  inches,  which  gave 
water  0.82  grain,  carbonic  acid  4.72  grains,  oxygen 
1 1.939  cubic  inches. 

Coidents  of  ash  pit  thrown  on  grate;  air  plates  dosed. 


Water  in  boiler  left  at  1. 10  inch  above  norma!  level. 
Water  in  boiler  ad|iiated. 


RESIDUA. 


49.25 
64.876 
8.46 

137.57ft 
O^IS 

137.3CS 

10.25 

14.60 
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TABLE  LXXXIIL— DEDUCTIONS  FROM 

Experinuntt  on  Biom 


Natiie  of  ^  data  f arnUhed  by  the  leipectiye  tables. 


IstTri&L 
(TabU  LXXIX.) 


in  Total  duration  of  the  experiment,  in  hoars 

3     Dnration  of  steady  action,  m  hours       ... 

3  Area  of  grate,  in  square  feet     -  -  -  - 

4  Area  of  heated  surface  of  boiler,  in  square  feet  - 
6     Area  of  boiler  exposed  to  direct  radiation,  in  square  feet  - 

6  Number  of  charges  of  coal  supplied  to  grate 

7  Total  weight  of  coal  supplied  to  grate,  in  pounds 

8  Pounds  of  cool  aetually  consumed  «  .  . 

9  Pounds  of  coal  withdrawn  and  separated  after  trial 

10  Mean  weight,  in  poundis,  of  one  cubic  foot  of  coal 

1 1  Pounds  of  coal  supplied  per  hour,  during  steady  action  - 

12  Pounds  of  coal  per  square  foot  of  grate  surface,  per  hour 

13  Total  wa.ste,  ashes  and  clinker,  from  100  poun^  of  coal 

14  Pounds  of  clinker  alone,  from  100  pounds  of  coal 

15  Katio  of  clinker  to  the  total  waste,  per  cent. 

16  Total  pounds  of  water  supplied  to  the  boiler 

17  Mean  tcrai)erature  of  water,  in  degrees  Fahrenheit 

18  Pounds  of  water  supplied  at  the  end  of  experiment,  to 

restore  level  .  .  -  .  - 

19  Deduction  for  temperature  of  water  supplied  ftt  the  end 

of  experiment,  in  pounds      .  -  -  - 

20  Pounds  of  water  evaporated  per  hour,  during  steady  action 

21  Cubic  feet  of  water  per  hour,  during  steady  action 

23     Pounds  of  water  per  square  foot  of  heated  sur&cc  per 
l>our,  by  one  calculation        -  -  -  - 

23  Pounds  of  water  per  square  foot,  by  a  mean  of  several  ob- 

servations   ------ 

24  Water  evaporated  by  1  of  coal,  from  initial  temp,  (a) 

final  result  ------ 

25  !  Water  evaporated  by  I  of  coal,  from  initial  temp,  (b) 
I      during  Pteady  action  -  -  -  - 

26  ,  Pounds  of  fuel  evaporating  one  cubic  foot  of  water 

27  j  Mean  temperature  of  ait  entering  below  ash  pit,  during 

steady  pressure         -  -  -  -  - 

28  I  Mean  temp,  of  wet  bulb  tbermom.,  daring  steady  pressure 

29  Mean  ternperutiirc  of  air,  on  arriving  at  the  grate 

30  I  Mean  temperature  of  gases,  when  arriving  at  ^e  dumney 

31  i  Mean  temperature  of  steam  in  the  boiler 

32  j  Mean  temperature  of  atlached  thermometer 

33  I  Mean  height  of  bare  nii'tpr,  in  inches      -  -  - 
31  I  Mean  number  of  volumes  of  air  in  manometer    • 

36  I  Mean  hci;?Iit  of  mercur}'  in  manometer,  in  atmospheres  - 

36  Mean  height  of  water  in  syphon  draught  gauge,  in  inches 

37  I  Mean  temperature  of  dyw  [K)int,  by  calculation  - 

88     Mean  gain  of  t  ^mpeiaturc  by  the  air,  before  reaching  grate 

39  Mean  difference  UUween  steam  and  escaping  gases 

40  Water  to  1  of  coal,  corrected  for  tem{>erature  of  water  iti 

cistern         -  -  «  .  •  - 

41  Water  to  1  of  cx)al,  from  212*^,  corrected  for  temperature 

of  water  in  cistern     -  -  -  -  - 

42  Pounds  of  water,  from  2  i  2®,  td  1  cubic  foot  of  coal 

43  Water,  from  212^,  to  1  pound  of  combustible  matter  of 

the  fuel        - 

44  Hewi  pressure,  hi  atmospheres,  above  a  vacuum 

45  Mean  pressure,  in  pounds  per  sq-  inch,  above  atmosphere 

46  I  Oondilion  of  the  air  plates  at  the  furnace  bridge 

47  I  Inches  opening  of  damper,  (U.  upper) 


Ju/y  i7. 
24.467 
6.50 
1407 
377.5 
18.76 
11.0 
1184.25 
1170.0 
14.25 
53.829 
133.15 
9.468 
10.245i6 

4.747 
46.345 
9907.0 
80^.0 

• 

197.0 

23.0 
1205.53 
19.28 

3.193 


8.153 

8.4495 

9.053 
7.3969 


84<>.86 
76«».36 
246^67 
2990.14 
2290.43 
82^.93 
30  016 
6.09 
0.5483 
0.9633 
730.66 
1610.71 
730.91 

8  4181 

9.4973 
611.23 

10.5811 
1.4662 
6.723 
Ck>Md. 
U.         10 


2d  Trial. 
CnMeLXXX) 


Jufy  18. 
23.633 
7.383 
14.07 
877.6 
18.75 
9.0 
968.6 
966.26 
12.26 
63.806 
103.44 
7.362 
13  117 
4.252 
36.09 
8312.0 
830.6 

163.0 

20.0 
954.68 
16.27 

2.628 

2.616 

8.6713 

9.227 
7.2077 

890.23 
770.  §9 
2600.31 
2850.38 
2280.77 
860.27 
29.918 
6.265 
0.6305 
0  3491 
740.49 
1620.08 
68O.O 

8.635 

9.7123 
622.67 

11.0516 
1.4134 
6.1053 
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U.         i 
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TABLES  LXXIX,  LXXX,  LXXXJj  LXXXII. 

hurg  {Pennsylvania)  coal. 


\                                       » 

!• 

' 

T.    . 

8d  Trial. 

* 

4th  Trial.     ' 

Areragea. 

Remarika. 

(7W.  hXXXL)  {Tab.  LXXXIL^i 

. 

Jubf  19. 
240 

Juiu  2U. 
24.75 

< 

*                   • 

7.0 

9.283 

« 

14.07 

14.07 

• 

• 

377.6 

377.5 

* 

, 

18.75 

18.75 

. 

lUO 

11  0 

iosa.5 

1166.75 

*  , 

\^\M 

1147.6 

, 

* 

9.35 

19.26 

13175 

ComhosUpD^  iHMth  a  lour-inch^aiiipfry  in  te  4th 

61.5275 

53.031 

53.0489 

trial,  ffl^vored,  aa  in  roan^  other  cafle%  the 
leaving  of  a  larger  amoant  tnan  usual  of  un- 

1 

108.66 

92.42^7 

109  394 

7.715 

6.. 569 

7.775 

bumt  coke.                    ^ 

10.491 

11.965 

11.2039 

. 

4.30ti6 

4.285 

3.3961 

. 

1 

4<).992 

35  797 

39.556 

* 

911580 

lOOGlO 

as*'.  5 

800.6 

■ 

» 

174.0 

3?>4.0 

a 

22.0 

43.0 

'                                                                                   . 

980.0 

788.04 

082.19 

16.68 

12.46 

J  5. 672 

The  rate  of  evaponitioni  dming  te  lit  trial,  of 
19. 28  cubic  feet  of  water  per  hour,  was  acarce-. 

3.621 

2.098 

2.610 

ly  exceeded  by  any  coal  tried  during  the  course 
of  ihcso  experiments. 

2.567 

2.128 

1 

8  8479 

8.7302 

8  6747 

9  057 

8.522 

8.957 

7.0639 

7.159 

7.2069 

- 

890.29 

80O.825 

^ 

76'».98 

650. 60 

« 

4 

27l'».0 

2S9O.70 

2640.395 

327^64 

2950..')5 

3010.9.5 

The  3d  and  4th  iriak,  mth  opea  air  plale,  show 

231*^.21 

2  310.15 

a  high<^r  mean  temperature  in  the  escaping 

86=>.64 

,    77^.65 

gai^es,  by  about  19^,  than  the  Ist  and  2d  tri- 

29.912 

29.981 

als,  with  the  plate  closed.     The  combustion 

5.817 

:i.%T2 

of  gases,  at  or  beyond  the  bridge,  would  natu- 

0.5253 

0.52 >8 

rally  produce  this  eflbct. 

0.3377 

0  280Q 

0.3327 

The  strong  draught  of  the  chimney,  on  the  Ist 

730.43 

570.725 

trial,  watf  probably  aided  in  aome  degree  by 

1810.71 

2080.875 

17^0.594 

i 

the  prevalence  of  a  brisk  westerly  wind. 

•70.0 

670. 18 

[     740.02 

X 

8.8102 

8.6967 

* 

8.P401 

\                                                                         J 

9.8922 

9.8062 

0.7245 

' 

609.72 

520.06 

615.89 

11.0514 

11.139 

10.9557 

The  2d  and  'id  trials  give  results  diflering  only 

1.3997 

'      1.3973 

"1.41^4 

by  1,  in  the  fourth  place  of  decimal.  ^Tha 
elow  oottibu'ition  of  the  4tb  trial  appears  to 

5.902C 

5.8G76 

C.149G 

Omk. 

HolfojKML 

have  ftiTorod  oxinoioy* 

U.         10 

U.           4 
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Coal  from  Jirchibald  Mclntyre's  mine,%  near  Jialslon,  Lycoming  counij/f 

Pennsylvania. 

This  coal  was  accompanied  by  no  certificate  or  description  stating  ifs 
locality,  or  the  time  of  mining  it.  The  markings  of  the  casks  were  relied 
upon  for  indicating  its  origin. 

In  cxternni  characters  it  strongly  resembles  the  coal  of  Blossburg,  and 
perhaps  even  more  nearly  that  of  Quin's  run. 

It  is  deep  black  and  brilliant  in  both  the  niaiil  and  cross  partings.  The 
main  partings  are  generally  inclined  to  the  surfaces  of  deposition  in  angles 
of  85°  and  95*^.  Very  brilliant  and  alternately  rather  dnil  lines  of  black 
mark  the  edges  of  the  strata.  It  breaks  into  columnar  masses,  exposing 
Httle  or  nothing  which  could  indicate  the  nature  or  amount  of  its  im- 
purities. 

It  caine  to  hand  mostly  in  the  state  of  small  lumps,  or  fine;  was  noticed 
as  having  the  brighter  portions  in  a  crystalloid  form,  and  being  of  a  friable 
texture. 

Its  specific  gravity,  as  determined  from  two  specimens,  was  1.3949  and 
1.3807,  from  which  the  calculated  weight  per  cubic  foot  is  80.74  pounds; 
while  29  trials  in  the  charge  box  gave  the  actual  weight  55  379  \m\\\i% 
per  cubic  foot — equal  to  0.63S4  of  the  calculated  weigiit ;  the  It'ast  being 
52.5,  and  the  greatest  weight  57.25  pounds.  This  proves  the  bulk  of  a 
ton  to  bfe  40.449  cubic  feet. 

The  ruoistqre  in  specimen  a,  above  referred  to,  was  0.54,  and  that  in  h 
0.601  per  cent. 

The  trial  of  28  pounds  proved  the  moi.sture  to  be  0.C7  per  cent 
The  sulphur  in  specimen  b  was  found  to  be  0.0303  per  cent. 
The  total  volatile  matter,  other  than  water,  was  in  specimen  a  15.149, 
and  in  b  15.137.     Five  trials  on  two  other  specimens  by  Dr.  King  resulted 
in  giving  a  mean  of  13.3  as  the  total  amount  of  volatile  matter. 

The  mean  of  the  two  sets,  or  14.507,  is  probably  .a  fair  representative  of 
this  ingredient  of  the  coal. 

The  two  specimens  were  tried  each  four  times,  for  the  amount  of  earlby 
residua :  a  gave  a  mean  of  1 1.96,  and  b  of  8.7  per  cent.  The  ashes  froiu 
these  analyses  are  almosl  perfecily  white. 

During  the  three  trials  of  its  evaporative  power,  there  were  consumed 
of  this  sample  3,073.25  pounds;  and  of  waste,  in  the  formof  ashes,  there 
were  left  420.882  pounds,  and  of  clinker  exactly  100  pounds.  The  former 
?»ro  13.69,  and  the  latter  3.25  per  cent,  of  the  coal. 

The  clinker  weighs  34.37  pounds  per  cubic  foot,  and  is  variously  colored, 
having  undergone  but  little  fusion,  except  on  the  surfaces  of  some  of  the 
iilicious  portions.  The  shaly  portions  retain  nearly  their  original  form, 
and  appear  to  have  merely  parted  with  their  carbonaceous  matter. 

The  ashes  from  the  furnace  weigh  37.79  pounds  per  cubic  foot,  and 
present  a  gray  color,  showing  numerous  minute  fragments  of  coal  inter* 
mixed. 

The  soot,  of  which  11.5  pounds  were  collected  after  three  days'  bum- 
in^t  weighed  16  39  pounds  per  cubic  foot. 
The  clinker  did  not  adhere  to  the  grato,  or  cauae  any  remarkable  ob- 
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straction  to  ttie  combustioD,  other  tbaa  \yMt  might  be  expected  from  iCs 
considerable  bulk. 

ReiDcineratioi)  reduced  the  ashes  20.95ytbe  clinker  9.93,  an(|  the  soot 
45.56  per  cent,  of  their  respective  weights* 

The  composition  of  this  coal  may,  therefi)re/bc  stated  as  folio vfs : 

Moisture,  from  drying  28  pounds             -            -            -  "0.670 

Sulphur,  from  1  specimen              -            -            -            . !  -      O.OJO 

Other  volatile  matter,  from  4  specimens    -'     .       -            -  *     13.807 

Earthy  matter,  from  3,073.25  pounds        -            -            -  .     13.961 

Fixed  carbon,  by  difference          .            -           .            •  .    74.633 

I    .  ■ 

:  !  loa. 

Volatile  to  fixed  combustible  1 : 5.181. 

The  ignition  of  this  coal  appears  to  be  effected  with  rather  itore  diffi- 
cnliy  than  that  of  sonie  others  of  the  free-burning  class.  It  took  1.7218 
hour  to  bring  the  boiler  to  a  steady  rate  of  evaporation;  and  there  were 
left,  on  an  average,  46.25  pounds  of  unbnrnt  coke  at  the  end  of  each  ex- 
periment. 

In  burning,  it  produced  a  tolerably  dense  reddish  flame  ;  caked  consid- 
erably;  sent  off  a  moderate  quantity  of  smoke  ;  but  only  caused  a  visible 
current  at  the  chimney  top  during  tlie  applLeation  of  fresh  coal  to  the  grate^ 
auJ  for  one  or  two  minutes  following. 

The  heating  power  of  this  coal  was  tried  by  the  oxide  of  lead  on  speci- 
men bj  above  analyzed. 

Twenty  grains  reduced  596.G4  of  metallic  lead,  or  29.833  times  tho 
weight  of  coal ;  which,  after  deducting  9.301,  the  amount  of  ashes  and 
moisture  in  100  parts  of  that  specimen,  gives  the  reductive  power  of  the 
corpbustible  matter  of  this  coal  32.891,  which  is  about  the  saute  as  that 
of  several  anthracites  tried  by  the  same,mcans.  When  tri^d  in  the  smith 
shop  for  chain  cables,  this  coal  yielded  results  far  from  satisfactory. 

The  cinder  was  very  abundant,  and  difficult  of  fusioa;  tho  coke  hard 
and  unmanageable  after  the  flame  tiad  ceased.  In  ithe  ancht>r  shop  it  was 
found  equally  objectionable  by  the  workmen  wh6  tried  it.  The  fire,  it 
wns  said,  could  not  be  kept  hollow,  notwithstanding  the  hardness  of  the 
coke,  and  the  large  quantity  of  ioconibustible  matter  impeded  the  blast. 

Not  being  a  full  sample,  there  was  not  a  sufficient  quantity  left  of  this 
coal  to  make  ai»y  trials  in  grates  for  dopestic  p'.^rposes.  This  is  the  less 
to  be  regretted,  since  its  heating  power  was  fully  ascertained* by  other 
means  ;  and  the  amount  and  quality  of  its  residue  after  incineration  suffi- 
ciently indicate  its  adaptedness  to  these  purposes.  '  No  danger  can,  ia 
general,  be  apprehended  from  the  clogging  of  grates  by  slag  at  the  mode- 
rate temperatures  employed  in  open  otfice  or  parlor  fires. 

The  appearance  of  the  residua  left,  after  reincinerating  the  waite  mate- 
rials of  this  coal,  is  very  remarkable.  Not  a  trace  of  redness  is  visible  in 
that  from  the  cinder.  A  grayish  white  is  the  color  of  the  reduced  ashes, 
and  a  tight  red  predominates  in  the  residue  from  the  soot.  It  was  re- 
marked, in  reincinerating  the  latter,  that  the  part  of  the  ashes  left  which 
was  ar  tho  top,  became  of  about  the  color  of  wood  ashes ;  while  the  lower 
ports,  iie^r  the  bottom  of  the  platinum  basin,  were  reddish  brown. 
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TABLE  LXXXIV,-L 
Ftrat  trial — vpper  damper  10  inches  open;a\ 
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Period  of  steady  action,  fsom  7h*  50m.  a.  m.  to  4^.  25m.  p.  m.«=^A.  35m-;  coal    . 
Uie  grata  in  the  wune  time,  772.75  lbs.}  water  to  boiler,  6,814  Iba.;  or,  to  1  of  coal,  8.818. 
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!0MING"  CREfeK  coal. 


h 


o 


E 


in. 


66,6 


.       66;6 


6.S5 


67.3 

['•7.5 


I  -j« 


^  0  ^  ^  dt 

§ 

9 

sr 


81 
81 

84«5 


-    *  67.7*       80 
68.4  I  .  83 


\1M 


68.0  t  .1D2 
I  70.0  f  131 


!».to 

10.36 
11.30 


.0 


92 


\-  69.6 
67.3 


. 


144 

150 


67.0  I  151 
67.0  I  153 
«7.0  I  167^ 


181 
187 


-  f  70.9 

-  i  67.« 

I 

&S0  68.8  1   180 

-  '  70.9       190.5 
3.(k)  »  71.2      193 

-  {  60.4  I  903-' 
100  69.4.     206 

"    ]  70.6      fi03 

-  I  70.3      206 
k (. 

415  j  69.1  !  217 

•    .  70.3 


68.1 

70.7 
71.0 


226 

247 

143 
132 


+to 

—28 

+29 
40 


33 

44 

28 
2f 

54 


54^ 

40 

46 


56 
54 
58 
45 
60 
68 
72 


38 

20 

4 


—37 


0.772 
t.^88 

1.776 


2.^78 

1.812 

t.«35 
2.188 

l;234 
2.649 

2.172 


2.140 
2.225 
2.649 
1.271 

2.728 

1.775 

0 


RQMARK8.-~^nite  svfiide  14.07  sqi^  ftet;  length  of 
ctrctut  of  heated  ^ares  121  fe6C;  height  of  chimney  63  feet. 


Manometer  indicates  only  atmospheric  pressure;  attached 
thermometerW^;  water  at  normal  level. 

Commenced  6ring. 

Wood  consumed,  107^^  -lbs.)  sieam  at  eqiiilibriii6i;  com- 
menced charging  with  coal. 

dicam  begins  to  blow  off. 


28  lbs.  of  thii(  eoal  placed  in  drying  appQiatos. 


Wind  W.,  light;  clear;  atmosphere  beeomitig  haz^. 

DiE5#  point,  by  observation,  68'^.  5. 

Commenced  drawing  gases  at  10/t.  22m.  a.  m.;  drew, in  17 
'  minutes  5Q  cubic  inches,  which  gave  0.44  grain  Water, 
'  carbonic  add  1.74  grain,  oxygen  7.675  cubic  inched;  fiie 
in  average  action.  '  ' 

Dew  point,  by  observation,  67^.5.  • 

Tank  portly  filled.  '    i 

Oommenecd  drawing^  gases  2<f  time,  (6ro  in  free  bdmin|^ 
condition;)  drew  in  15  minutes  (commencfBgat  04. 25m* 
p.  m.)  100  cubic  inches,  which  gave  water  1. 19  |rain» 
^   cariionic  acid  5.87  grains,  oxygen  10  cubic  inches) 
C  Filled  tank;  water  in  boiler  fell  to  1.5  ineh  below  normal 
J   level.  • 


Smoke  at  the  top  of  the  chimney,  during  thil  experiment, 

only  when  staking^ 
Contents  of  ash  pit  thrown  on  grate;  weather  during  tha 

day  clear;  wind  W.,  light 
Water  in  boiler  lei^  at  1.6  inch  above  normal  level;  danger 

set  at  3  inches. 

Water  in  boiler  adjusted.  


CUnlur      . 
KAtt 

^ibes  behind  bridge 

^otal  dinker  and  ashea 
Dedoct  wood  ashes  - 

Toul  waste  from  coal 

:?okt 


RESIDUA. 


Poundt. 
30.75 
127.25 
6.01 

164.01 
0  319 

163.681 
^67.78 


J 
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TABLE  LXXXV.-LY 


Se^nd  Mai — vpper  dawiper  10  ineha  open; 


DiAe. 


June  24 


Hour. 


A.  m. 


5.20 


« 


Aiiie25 


TXMPS&ATUBS8  OP  TBS 


60 

o 


s 


80 


6.|0  81 


6.10 


6.40 
7.10 

7.45 

8.15 

8.45 

9.15 

9  45 

10.15 

10.45 

11.15 

11.45 

p.  X. 

0.15 

0.46 

K80 


2  00 
2.30 


3.15 

A.   X. 

10. 15 


10.45 


80 


80 
80 

81 

82.5 

85 

84 

88 

90 

89 

90 

90 

90 
86 

83 


85 

84 


84 
79 
79 


Is 

t 


73.5 
75 

74 


74 
74 

74 

75 

76 
76 
78 
77 
77 
77 
76.5 

77 
76 
?5 


77 
76 


76 
68 
69 


I 

g  o 

.S3 


212 
204 
192 


196 
198 

206 

214 
226 
234 
248 
256 
262 
268 
270 

272 
280 
282 


280 

284 


310 


170 


169 


o 

§ 

a 


185 
2H 
222 


308 
332 

385 

355 
334 
312 
308 

280 
2921 
298 
306 


280 


830 


312 
292 


I 


255 


183 


188 


.3 
I 


88 
88 
88 


88 
88 

81 

80 

80 
80 
80 
80 
80 
80 
80 

83 
83 

84 


84 
84 


.S 


222 
225 
228 


84 


81 


81 


230 
231 

233 

288 
232 
232 
232 
231 
231 
282 
232 

239 
232 
282 


231 
231 


229 


210 


208 


I. 


o 

s 


29.95 
29.94 
29.94 


29.94 
29.94 

29.94 

29.94 
29  91 
29.91 
29  92 
29.91 
29.91 
29.90 
29.89 

29.87 

29.87 
29.89 


29.86 
29.86 


29.85 
30.01 
30.02 


.3 

3 


0.446 
0.525 
0.532 


0.536 
0.640 

0.568 

0.560 
0.538 
0.642 
0.539 
0.535 
0.630 
0.644 
0.639 

0.516 
0.648 
0.550 


0.533 
0.538 


0.527 
0.347 
0.347 


.a 


o 

■,1 


-a 


6.08 
5.81 
5.26 


5.2; 
5.17 

6.00 

4.98 
5.20 
6.15 
6.19 
6  22 
5.28 
9.14 
5.18 

5.42 
5.10 
5.07 


5.24 
5.24 


5.30 
7.08 


7.08 


b 


0.12 

0.18 

0.20 

0.30 
0.30 


•   « 


0.38 

0.40 
0.32 
0.36 
0  33 
0.33 
0.30 
0.38 
0.36 

0.28 
0.40 
0.38 


0.30 
0.30 


254 

789 


111.6Q  ^ 
1I6JU 


0  25 


0.12 
0.12 


1207 

1207 
2347 
2599 
3107 
3379 
3737 
4280 
4798 

5S80 
6668 
6054 


6764 
7184 


lllie 


IMiO 

llft50 
1I7.50 
118.79    I 


7644 


7644 
8064 


11125 


114.50 


Period  of  steady  action,  finom  7h.  30ni.  a.  m.  to  25.  30m.  p.  m.s=7  hours;  coal  sopplied  to  (r**^ 
663  lbs.;  water  to  boiler,  5,977  lbs.;  or,  to  1  of  coal,  9.01  j(. 


I  • 


26ft 


[3«3 


COMING  CREEK  COAL. 

•    -  •    • 

aipplaiei  tfpen^  and  steiim  thrown  int^  chimney. 


\  • 


■  H.t'li     *  »' 


REMARKS— Gnte  mk&oe  14,0T  mfi^t^U  la^th  of 
circiik  of  iMited  gaaet  \^  ieet ;  hogbt  df  chimosj  68 
ieeL 


Commenced  firing;  water  in 'boiler  0.1  |n^  ffbove  nonnal 
level.  ^  ) 

Wood  consamed,  50  Ib^* ;  tteuii  at  eqidlibritim;  oonuii|enoed 
oharging  witb  coal. 

Steam  begins  to  blow  off;  *ir  plAtM  opttied)  dansper  laet  at 
10  inchea;  WM  8W.,  briakv  dear. 


»   ' 


Dew  point,  by  obeervatioit,  Vfii 

Commenced  filling  tank  at  7^  80m«     '         | 

Water  in  boiler  0. 0  inob  below  normal  levdf  jtank  'filled. 


1    ' 


Wind  8.,  freriM  clear. 

Tank  pt^y  filled  at  13  m.;  eommen^  rainla^  ^i  OA. 
46i?i.  p.  m.;  wind  W.^  strong. 

Commenced  drawing gaMS  at  OA.  41m.(  dMur  bi  16  min- 
utes 100  cubic  inches,  wbkjh  ga^o  .wato^  1.4S  i;rain, 
carbonic  acid  5.27  grains,  oxygen'  I2.3S  JEubic  inchea; 
draught  reduced  by  allowing  soise  of  jUiedt^fQD:lo  Oscape 
fipom  back  valve. 

Scarcely  any  a^ioke  observed  at  ^mriey  tO|^  (o^y*;  stilK 
raining.  j         ;  ' 

Air  plates  closed;  contentu  of  ntfi  pit  on  gruie^  dilnper  set 

to  5  inches;  water  0.7  inch  iiteve  normal  level. 
One  of  the  ash  pit  doom  left  half  open  dtik^g  tUe  night; 

manometer  shows  atmospberic  pressole. 
Water  in  boiler  adjosted.  . 


•  1 


RESIDUA, 

PotifMb. 
Clinker.  -        ,    -  -  -       .     -  -  -  ,-      ,      -  .-  .38.75. 

Aah^  -  -       ,.   -  -  -  --..•:.,,-..-   ^"-^^^ 

Ashes  behind  bridge  -*-  -  -  -  -'-'-  5.66 

Total  clinker  and  aa'jce  -  -         .  -  -  - 

DeJnct  wood  ashes     ------- 

Total  waste  from  coal  ------ 


155.91 
0.181 


Coke 


155.720 
i:t  18 


[  38«  3  i  2G4 

Third  trial — upper  da^mptr  5  ij\ches,^fipfin  ;  mr  plains  ope^i;  steam  , 


Date. 


JaneS6 


Hour. 


•  I 


i^' 


A.  III. 

A.  M. 

5.20 
6.25 


JunrTT 


8.00 
8.30 
9.00 

9.30 

nojoo 

10.80 
11.00 
11.30 

p.  M. 

0.00 
0.30 

hm 

1.45 
<t.30 
8«00 

3«ao 

4.00 
4.30 
6.00 

5.30 
«.B0 


TKMPBRATOBM  OF  TBI 


i-f. 


70 

70.5 

7»r. 


I. 


to 

I 

8  o 

5 


66.5 


72 
75 
7» 

77 

S3 

8S.5 

83 


84.5 
85 
i85> 
88 
68.) 
89 

fm 

t89 

90 

\fl» 

87 
87> 


«0O  88 


.yt 


67 
68 

6^> 


■8* 

9 


e 
o 

a 

o 


140  158 


138 

1441 


144 


6.50 

A.  M. 

7.00 
7.35 


88 

79.5 

78 


68 
70 
71 

72 

7ll«5 

73.5 

73 

72 

72.5 

73 

73. 

74 

7A! 

73 

73 

74  . 

73 

74 

77 

73; 
u 


76 

t72 
72 


148 

leot 

172 

180 
\U 
200 
208 
212 

216 
2-iO 
2ft6 
240 
24.t 
J48 
254 
258 
26i 
266 

274 

«80 

278 


\  s 

u 
m 


190 
282i 


€44 


300 

210 
208 


214 

2«2i 

248 

256 

2581 
260 
272 
268 

272 

262 

265 

260 

200 

276 

3801 

262 

270 

280 

275 
8001 

298 


80 

80 
80 

80 


252 


200 
192 


80 
80 
80 

80 

80^ 

80 

80 

60 

80 
80 
80 
80 
80 
80. 
80 
80 
87 
87 

87 
87 

87 


3 

Q 


00 


183 

202 
226 

228 


-8 


< 


% 
S 


87 


85 
85 


229 
23tfi 
230 

230 
230 

230 
230 

23U 

230 

2311 

229 

2291 

230 

230{ 

230 

23;} 

230 

^0 

230 
230 

230 


I 
I, 


% 


30.00 

30.02 
80.64 

30.04 


«?  - 


•a 


^-1 


0.353  7.02 


I. 


O.ll 


0.386  6.70  0.17 
0.514  5.42  a20 


0.520  5.36 


234 

226 
220 


30.05 
80.4.5 
30.05 

30.05 
3<K05 
30.05 
30.05 
3a.05 

30.05 

80.04 

30.0  i 

30.03 

80.03 

30.02 

80.021 

30.02 

30.01 

30.61 

30.01 
30:02 

t 

30.02 


0.533  5.24 
0.538  5.20 
0.530  5.28 


3U.02 


30.09 
30.08 


0.540 
0.535 
0.530 
0.5.33 
0.530 

6.541 

«.530. 

0  533 

0.526 

0  52U 

0.532 

a  532 

0.510 

0.539 

0.535 

0.6  M 
0.532 

0.511 


I 


0.536 

0.485 
0.418 


5.18 
5.22 
5.28 

5.28 

5.16 
5.48 
d.2} 
.•).3I 
5.38 
5.26 
526 
5. 1.*) 
5.18 
522 

5.24 

5.2b 

5.IOi 


0  20 

o.eo 

0  2u 
0.2U 


5.20 

5.71 
6.38 


0.20 
0.20 
0.22 
0.22 
021 

0.21 

021 

0^21 

0.21 

a23l 

0.23 

0.23 

0.24 

0.24 

0.2 1 


fit 
a 


bo's. 


2^0 
700 
860 


1 


t 


110.  t5 


114.50 
114.00 


1102 

r430         -     * 

1.S95  1112.00 

2171 

2431 

26$9 
3021 
3271 
3789 
4291 
4fo99 
5(128 
5315 
5621 
5961  llU.OO 


110.75 


016 
0.16 


TK^  pksHpdbf  steady  action,  from  9k.  a.  m.  to  6A.  1 5m.  p.  m.s=9A.  15m.;  coal  supplied  to 
fnte^  safide  time,  781.5  Ibe.;  water  supplied  to  Che  boiler,  5,951  lbs.;  and  to  1  ofcoal^  7.615. 


S6S- 

Ihr'mun  Hill  (ffihli  vrillieiitrll^sinaU/b 


|L 

\A'v  ■ 

fr| 

1* 

^l 

1    ■ 

IT 

u 

■§ 

ill 

P 

KEMARKS,-Cr.te  malm*  H.07  miu.™  6M;  length  o 

old 

f^ 

circuit  of  h«t«lgwa  131  feetj  lieight  of  cMm.iqf  63  feet; 

|! 

l_ 

III 

fii 

|ll 

LM. 

64.6 

70 

_25 

-■ 

t  incli  lieW  nor- 
m  the  boUci. 

tisi 

67  5 

-la 

7.10 

"«6.« 

7S   , 

+  .e 

- 

- 

cio 

^■ 

\\f- 

- 

SE.,cl6uJyi  •Ian 

7.45 

■;ia- 

7B 

:''i6 

1.181 

67.7 

f>b 

2ii 

S.331 

«.^ 

^»-8 

efr 

18 

0:818 

Wind  HW,  dpari  sleim  froii  Wdi' valve  drixen  inlo 
the  building.  Tiibing  tho  den  point. 

,....^... 

6M, 

tos 

".'m 

"V.aei 

63l' 

nil 

28' 

1.738 

WiBdiE.,clear..    „                      .  .      ,.      -^-   -    '      ,-. 
Filled  tank;  dew  point,  ly-obwnalion.  C9°.6. 

10.  to 

6ft.  9 

117 

.30 

0.874 

67.9. 

I3fi.6 

43 

3.062 

- 

67.7 

38 

1.3J7 

WinaW,.  clear.                                          ,            .       t 

fi-tS 

67.8 

M.s 

42 

1.351 

6S.S 

136 

33 

1.775 

l.W 

68.5 

Ml 

36 

1.325 

69  I 

i5e 

31 

1.829 

S.XS 

66.9 

1S» 

30 

1.781 

WiiidE.,  clf*V.' 

67.3 

iftO 

40 

2.146 

67.3 

li 

50 

i.7aM 

3.45 

68.8 

1.631 

FiUed  tank'nt  41  Sm.  p.  m. ;  dew  |niin'..  by  obs.-rvalidn, 

5.17 

60.8 

174 

40 

1.631 

69":  comm=TiceJ  drawing gMornt:'*.  46™,, drew,  in  10 

68.8 

i7r 

50 

I.BOI 

minutes,  H'O  cubic  inches,  which  gi^c  waler  O.Sfi  gnia, 

auhouic  acid  6.32  graiiia,  oiygrn  8.87  rubic  inch.-s. 

73.8 

187 

4S 

2.702 

Pavement  aprinkled  with  wflli;r,  cauung  high  dew  pmnL 

7 

70.9, 

19t 

70 

0.901 

Steaui  thrown  into  chimney. 

6. Is  \   69.1 

190 

68* 
U 

1.77S 

Air  plattt  cloged. 

"■"-■  fn!V 

sie 

ContcnU  of  aah  pit  Ihrown  on  grtlci  water  in  boiler  loll  «t 

1  incti  above  normal  level. 

-    6»:o 

130.5 

-26 

Water  1  3  inch  below  norms!  IcVcl. 

69.5 

13* 

—29 

" 

Water  in  boiler  adjusted. 

Aah^behiml  bridgt  - 

Deduct  wood  lAei     - 

Total  wnta  Itoai  cm!  - 

CofcB- 

8oo4,  (8  hanunp) 


FoUniU. 
.  30.50 
-  165.60     , 
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TABLE  LXXXVII.— DEDDCTI0N8 
Experimenli  on  Lycoming 


Ut  Trial 

SdTmL 

(Tab.  LUnvj 

(Tib.  UXXt.) 

JimtSS. 

Am«1U. 

24  60 

S0.333 

8.583 

,7.0 

14.  or 

14.07 

87T.8 

377.ft 

I8.7S 

18.75 

10.0 

.9.0 

1099  5 

993.35 

1041.73 

078.07 

67.78 

18.18 

M.976 

66  m 

90.D3» 

94.714 

S.39« 

a73l7 

16  713 

l^«03 

3.9481 

S.9688 

I8.7S 

S4.864 

8409.0 

MU.0 

89^.3 

8««.8 

IB 

tovei      -            -            -            .         T^         .            . 

73.0 

4Tff.O 

IB 

ment,  in  pound.             -            -            -            -            - 

9.0 

00.0 

SO 

798.88 

8S3.867 

SI 

Cubic  feet  of  water  pel  hour,  during  >te^)ict)<]ii    - 

13.7 

ia.(s 

S3 

Pounda  of  wstar  per  aqawe  fool  of  healed  aur&ee  pet  hour, 

bj  one  calculation          ..... 

3.108 

3.183 

» 

Pound*  of  water  per  aqoare  foot,  by  a  mean  of  •ereral  ohm- 

»adooi              

3.111 

3.361 

S4 

8.0678 

8.176 

SB 

Water  efaporaled  by  1  of  coal,  irom  initial  temp,  (b)  during 

•toidy  option 

8  81B 

9.016 

S6 

7,7666 

7.64S3 

ST 

Mean  temp,  of  air  futcring  below  ash  [Mt,  during  rtewly  pres- 

88".  84 
73°,4S 

8B-,47 
76'',9t 

sa 

39 

Mcnii  lempeimure  of  air,  on  airiying  at  the  grate      - 

343=',  38 

318M9 

SO 

379'.2B 

3II».6 

81 

Moan  temperature  cf  atcam  in  the  boiler      - 

331'  81 

tSV.i 

33 

ss-.ei 

aVAl 

Hi 

Mean  height  of  baromeler,  in  inchea       '      - 

90.  ue 

29.904 

31 

G  193 

fi.l74 

36 

Mean  height  oFmercurj-  in  manorncter,  in  Blmmrpherca 

0.5378 

0.6401 

88 

Mean  height  of  niter  in  eyption  draught  ^auge,  in  indlea 

0.393 

03143 

98»,es 

157".43 

163^,73 

S8 

39 

48',3 

7tC.46 

40 

Watoi  to  1  of  coal,  corrected  for  temp,  of  waler  in  cistern      - 

8.0334 

8. 1415 

41 

Water  to  1  of  coal,  from  ^12°,  eonected  for  IcniperatQW  of 

water  in  cirtern  and  boiler           .... 

9  011! 

9.1543 

43 

Pounds  of  waWt,  from  Sla",  to  1  cubic  fool  of  coal - 

496.39 

BO-VIB 

43 

10.K91 

10,8976 

44 

1.4:!S3 

1,4318 

46 

Mean  pressure,  in  pounds  per  aq  inch,  above  atmosphere    - 

6.3956 

0.3T66 

4S 

Closed. 

Open. 

47 

Inehe.  openinB  of  damper,  (U.uiref)        - 

U.     10 

U.     10 

287 

TROM  TABLES  LXXXIV,.  LXXXV,  LXXXVI. 
tretk  (Pennayhania)  coat. 
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SdTriaL 
fTUkLXXXYI) 


26.S6 

9.26 

J4.07 

877.6 

16.76 

l»0.f6 
]06$.46 
67.79 
66.019 
92  263 
6.847 
19  148 
2.8866 
16.979 
.8121.0 
820.4 

780.0 

90.0 
#26.421 
10.023 

i.669 

1.695 
7.6307 

7.616 

8.191C 

84M9 
72«.76 
226^86   ' 
24«^.62 
229«.95 
8I^I9 
80.034 
6.231 
0  5335 
0  227 
OS*',  65 
141«.6K 
89«.IS 
7.6V02 

6  5565 
479  27 

10  6S22 
1.4125 
6  Q^i  I 

Open. 

U.     5 


46.25 

65.371 

89.002 

6.3256 
16.920 

3.262 
19^68 


768.016 

12.128 

2.008 


7.9545 

8.4927 
7.8645 


989<^.  12 
285<».B0 


0.2879 

1610.96 
550. 6 1 
7.9217 

8  9107 
49).28 
10  723 A 

.6.2547 


*t       ■        ^ 


'   1 


With  a  6  inch  damper,  « throttling^  to  aome  extent  tiie  fliiei»  ttm  ' 
cooibofliioii  left  67.  "^9  lbs.  of  mynmitookei  00  the  24  triaL  ,|iilh 
a  lO-indi  damper,  the  quantity  left  was  bat  about  ope-^fm  aa 
much. 


»  ( 


Hie  targe  amount  of  waete  caused,  doobtket,  an  over  aithnate  of 
the  coal  on  the  grate  at  the  end  of  the  period  of  eteady  action;  • 


With  the  air  |flate  open,  the  gaeee  arrived<al  Ike  duoAiKJr  8t^  hot- 
ter than  with  that  pbtQ  daaed,  aa  wltoeaedd  i»  a.aiaiibr  caee^ 
while  trying  the  preceding  sample. 


t 


■  ^i 


-  ir 


)   ', 


.    t 


<  I 


From  the  4?d  fme,  it  should  seem  that  a  slight  advanta^  in  point  . 
of  economy  was  derived  from  the  use  of  the  open  air  platt^y'a^ 
the  2d  ttfal,  in  which -that  arranjsment  was  aloptdd;)gS¥eii' 
greatet  result- ia  wa  er  to  1  pf  oomhustibto,  tfyuiJiad^bp^  ot» 
taiaoJ  on  the  1st  trial. 


li.-***^  I   <  »  I   1     ^m^m-^t       >  >  <■ 


^^X. 
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No.  10. 

•     .-  .        . 

Bituminous  coal  from  Qnin's  ruv^  C  tint  on  vovnty^  iPenn^lvania,senf 

for  trial  by.MuMfis,  McDonald  4*  Hallmbmdti 

This  sample  of  coal  was  accompanied  by  the  following  letter  :  ' 

"Farrandsville  Post  Office, 

"  Clinton  county y  Pa.j  Quints  rttn^  ]Augusl  20,1842.  * 

**Some  time  since  we  shipped  for  your  experiments  iat  W^ishin^oii  four 
hogsheads  of  bituminous  coal,  marked  *Navy  yard,  p.  C.,'  to  be  trftns*' 
shipped  at  Columbia,  Pennsylvania,  to  the  seat  of  jGovernmer^.  iVe 
would  thank  you  to  instruct  the  proper  persons  having  charge  of  the  cpkw. 
received  for  trial,  to  give  attention  to  them,  if  not  too'  late  for  Ihe.  export^ 
nienfs*'  •  ■  "  '    .  >.  •■  '\-        ,....-. 

'''^}4  <t)il  rriafked^  M:  l  is  d^fi*.fent  ttorti  the  bthirs^  arid  we  believe 
wilT^betoiilid  a  SiipVior  article.        "    ' 
**  We  hdve  the  honor  to  remain,  gentlemen,  very  truly,!  your  obediettt 

servants 

"McDonald  &  ^AtLENBj^ciiiJ; 

"  To  the  Navy  Commissioners,  { 

"  WashingtoHy  D,  C:'  !  I 

The  exterior  characters  of  this  coal  are,  a  color  almoif  uniformly  shining 
jet  black — except,  of  course,  the  faces  marking  the  [ilanes  of  depositkui, 
in  which  the  usual  reedy  matter,in  the  state  of  minerajized  charcoiil,  g|v>a? 
a  Jull  deep  black,  with  numerous  well-marked  but  small  organic  ifemavni. 

The  main  partings  are  well  defined,  and  incline  to  .thp  siirfaces  of  de- 
position ill  angles  of  85^  and  95^.  The  cross  partingf;  are  also,  in  many 
specimens,  unusually  well  defined ;  smooth  and  briillanl  plane  iurfac^s, 
inclined  to  the  main  partings  in  angles  of  88.5°  and  9(1.5°,  and  toJthe  sur- 
facfi^  ^f  deposition  iu  7P.^  Ptid  110°,  The  coal  thus  sei^aratcs  into  rhombic 
prisn[)s«  ...  y,  .»...,>..  r •  j 

Occasional  specks  of  sulphuret  of  iron  present  themselves  in  the  natural 
partings. 

The  specific  gravity  of  one  specimen  of  this  coal  wasfoutid  to  be|  I.S225, 
that\of  sncHfaer.i/MfHf;  the  mean  of  which  gives  th«  (^aldttllt^  weight  of- 
1  cubic  fdot  of  solid  coalc^iifcl  to  8S.22  pounds.  \      ,.  ,, ;, 

Nineteen  trials  in  the  charge  box  proved  its  average  height  to  b^  50.335 
pounds  per  cubic  foot,  or  0.6048  of  its  calculated  weight.  : 

The  space  for  stowing  1  ton  is  44.502  cubic  feet.  Of  moislur^,  it  con- 
tains, by  the  analytical  operations,  0.640  and  0.557  pe|"  cent.,  as  determin- 
ed by  two  specimens.  liy  trial  in  the  steaming  apparfitua^^  tbe  proporlioa 
of  moisture  was  found  to  be  a836  per  cent.  i 

One  specimen  examined  for  sdlphur  gave  0.1019  per  cent,  of  that  in- 
gredient. 

The  volatile  matter,  other  than  moisture,  was  17.791  and  17.071  for  tbe 
tyro  specimens  above  referred  to;  and  the  total  volatile  matter  in  (^o 
specimens  examined  by  Doctor  King  was  17  for  one,  ^nd  2!^  per  pent,  fbr 
the  other.    The  average  will  not  therefore  be  far  fiopil  true,  if  assumed  as 

i8.«6'i-, ;     :.'...     .  .  ;, 

Four  ineioerations  of  each  of  the  first<mctUtoned  tipc<|imens  gave  a  mean 
of  6;si  per  cecrf.  ef  earthy  iikalter  for  the  lofte,  and  17.57  for  the  other. 
Hence  the  compositioo  is  asfoUowit:  '^'     ' 


t 


,Ji69 


I 


[^3 


Otiier  volatile  matter 
Eaflliy  matter     • 


m* 


SpeanMn  o* 

8pecuiien6* 

0.669 

9.679 

17.791 

17.071 

tWi 

7.570 

ibAiO 

74.680 

100. 


100. 


Volatilo  t<i  fixed  combulrtibte         -  *  -  -     1:4.22$  ;   1:4.375 

Besides  the  preceding  aoalyses>  a  comparaiiive  iriaE  was  made  on  forty 
specimens;  from  each  of  wljicli  a  fragment  was  takcii^  and  a  portion  of 
tne  powder  of  ih^  whole  subjected  to  tlie  usual  steps  for  deterniining  the 
constituents.    This  gave —  | 


Of  moisture  - 
Of  other  volatile  matter 
Of  earthy  matter 
Of  fixed  carbon 


0.131 
M.67e 

7.760 
7^.443 


">■  'i 


100. 


Volatile  to  fix/ed  combustible  1  : 3,93.  •  • 

The  ashes  are  almost  perfectjy  white,  whether  procured  from  the  singlo 
8peci|»ens,  or  from  the  mixUire  just  described. 

In  burning  1,883.25  pounds  of  this  coal^the  residue  from  the  furnace 
consisted  of  143.26  pounds  of  gray  ashes,  weighing  37.09  pounds  per 
citbic  foot,  and  25  pounds  of  slaty  matter  and  cJinker,  v^e^g'^iog  2^*7 
pounds  per  cubic  foot.  Hence,  the  farmer  was  7.61,  and  the  latter  1.327 
per  cent.;  and  the  total  waste  8.937  per  rent,  of  the  coal  burned. 

There  were  found  in  the  ashes  7.577  per  cent,  of  combustible  residue, 
and  in  the  clinker  9,512  per  cent.  Hence,  tha  ub^olu/e  wa^e  from  the 
JuTuace  is  8.232  per  cent.  Six  and  ihree-foarlhs  pounds  of  soot  withdrawn 
fromthej^H^*^,  gave  of  volatile  matter  16.03, carbon  35.32,  and  ashes  48.65 
per  cent. 

The  lime  required  for  the  attainment  of  a  uniform  rate  of  evaporation 
is  not  precisely  determined  in  (he  first  experiiTient ;  but  it  was  less  than 
oije  hour.  In  the  second  it  was  but  thirty  minutes.  Three,  quarters  of 
an  hour  is,  therefore,  a  full  allowance  for  this  effect.  The  meaii  amount 
of  coke  .left  after  each  trial  was  H.75  pounds. 

A  trial  of  specimen  a^  above  analyzed, aflbrdcd,  with  oxide  of  ^eod,  from 
20  grains  of  coal  573.3  grains  of  lead,  or  28.665  times  its  weight.  Deduct- 
ing the  moisture  and  asties  found  in  that  specimen,  which  amount  to  7.069 
parts,  the  lead  to  1  oi  coNibttSflble  \^  found  to  be  30.846. 

Of  the  powdered  coal  ficm  foriy  specimens,  two  trials  by  Ifthargo  were 
also  made — each  upon  10  grains  of  the  mixture.  The  first  gave  284.6, 
the  second  285  5  gr^uos  of  ut^'taliic  lead.  As  the  earthy  matter  and  fnois- 
turc  are  here  7.881  parts,  rh^?  lead  to  1  of  combustible,  by  the  firFt  triaF,  is 
30.894,  and  for  the  second  30.982.  The  mean  of  these  three,  viz  :  30.907, 
may  he  assumed  as  the  average  reducing  power  of  the  combustible  mat- 
ter of  this  coal. 

When  tried  in  the  chain  shop,  tliis  coal  was  found  eminently  useful  for 
that  species  of  work.  Sixty  pouiids  of  it  were  sufficient  to  make  eleven 
links  of  a  chain  1|  inch  in  diameter.  It  gave  but  little  cinder,  a'ld  a 
flame  of  moderate  length. 

In  the  performance  of  ordinary  smith  work,  to  which  it  was  applied  in 
the  anchor  shop,  the  result  was  also  highly  satisfactory.  It  gave  little 
cinder,  a  coke  soft;  and  yielding,  and  a  form  of  fire  abundantly  liollow  for 
all  the  purposes  there  rei^uired. 
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TABLE  LXXXVJfl. 

* 

first  Mai— upper  damper  8  inches  open;  air  plates  closed; 


K    I 


bftto. 


Aug.  1 


*  ' 


',  "  ■ 


? 

f 
1 

f 
f 


Hour 


5.30 
6.00 

A.  M. 

Aug.  2  \    5.25 
5.45 


A.   M. 

5.00 


8.00 
8.15 


tbmpsAatures  aw  tbb 


s 

Li 

o 


8.30 
,9.00 

9.  .30 

la.oo 

10.30 
IhOO 
11.30 

p.  M. 

0.00 
0.80 

1.00 

2.05 
2.80 
8.15 
3.45 
4.15 

4.45 


68 

74 
71^5 


74 
76 

78 
78 
79 
80 
81 

81 
80 
81 

78 
81 
83 
82 

63 

81 


82 
81 


€6 


a 


II 
S 


64 

67 
66 


67 
67 

68 
68 
67 
68 
69 

07 
67 
68 

67 
68 
68 
69 
70 

69 


Q>   O 

.53 

< 


116 

132 

133 


lU 
13U 

1.52 
172 
185 
193 


2U4 


bo 


'O 


142 

230 
239 


2in 

220j 
232 

250 
26-^ 
258 
264 
268    284 


2M) 
276 

284 
2C7 
280 
286 

284 

266 
2dl 

287 

273 

296 
S88 

278 


* 

M 


77 

77 
77 


268 


69  j  281 
68      280 


66 


188 


64  1  185 


287 


78 
78 

78 
78 
78 
77 
77 

77 
77 
77 

77 
77 
78 
78 
78 

78 


6 


CO 


148 

227 
229 


2301 
231 

232 
232 
2*2 
232 
232 


231 
231 
232 

231 
231 
231 
232 
231 

230 


V62  78 

2J2  78 

196  78 

185'  78 


230 
229 

216 
213 


71 

72 
738 


73 
75 

76 
77 
77 
78 
78 

78 
78 
78 

78 
78 
78 
79 
79 

78 


79 

79 

70 
69 


I 

I 

s 


30.03 

30.03 
30.03 


I 
§ 


o 
c 


3 
O 


30.04 
30.04 

30  03 
3t).04 
30.04 
30.03 
30.03 

30.02 
30.02 
30.01 

30.00 
30.00 
29.98 
29.98 
29.97 

29.97 


0.3.'>4 

0.527 
0.543 


7.01 

5.30 
5.14 


29.97 
29.97 

29.99 
29.99 


0..VS6 
0.550 


6.22 
5.07 


I 

.s 

I. 

M 

•s 


0.54?  5.14 
0.551  5.0C 
0.546  5.11 
0545  5.12 
U.547  5.10 


0.541 
0.637 
0.545 

0.543 
0  531 
0.541 
0.5;i3 
0531 

0.531 


0.10 

^.20 
U.30 

l».30 
0.30 


0.28 
0.30 
0.:i0 
0.2H 

0.28 


.5.16  o.ao 


5.20 
5.12 

5.14 
5.26 
5  16 
5-24 
5.26 

5.26 


0  527 
0.514 

0.397 
0.367 


5.:J0 
5.43 

6.60 
16.90 


0.30 
0.32 

0.34 
0.26 
0.31 
0.30 
U.30 


0.28 

0.22 
0.18 

0.12 
0.12 


a 


•a 


145 
572 


1UU3 
1487 
1895 
2287 

3170 
3600 
3945 

4860 
531 J 
6037 
t377 
6S02 


^ 


t.l 


87.76 


89.75 


7147 

7399 

7807 

7817 
8136 


106.25 
102.25 

108  26 


100.50 

102.75 

94.75 

109.75 


The  period  of  steady  action  this  day  is  from  9h.  a.  m.  to  4A.  I5m.  p.  m  »7A.  ISm. ;  coal  aup* 
plied  to  grate,  726.5  Ibe.;  water  to  boiler  in  that  time,  6,230  Ibe.;  water  to  I  of  coal,  8.575. 


QUIN«  RUN  COAL. 

steam  thrown  into  chimney ,  a^  small  furnace  in  action. 
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a 
-I 


^ 


h'  tn. 


8.00 


9.00 


9.53 
11.00 

0.00 


1.20 
2.10 
3  15 

4.15 


I 


61.6 

63  4 
64.8 


63.4 
0^.5 

63.3 
63.3 
61.1 
62.4 

60.3 
60  7 
62.0 

61.6 
62.0 
61.5 
63.2 
64.5 

13.7 


ta 


3  ^ 


S 
I 


^1 

S 


8| 


be 

c 
•p. 

D. 


48 

58 
59  5 


(3.2 
62.0 


62  7 


60 
63 

74 

94 

10ft 

113 

1*^3 

132 
140 

151 

172 
172 
176 
182 
185 

187 


—  6 

+  3 
10 

20 
45 


199 
19J 


119 


52 
35 
48 
54 
52 

55 
CO 
55 

42 
65 
57 
46 
63 


I 

9 

u 

Si 
■^  o 


u 


REMARKS.— Grate  siir&ce  14.07  squaro  feet;  length  of 
circuit  of  healed  gaBe8l21  feet;  height  of  chinuiey  63foet 


L.536 
2.26:2 


57 

32 
23 

-20 
-27 


2.283 
2<561 
2.162 
2.077 
2. 177 

2.500 
2.278 
1.828 

2.237 
2.873 
2,560 
1.801 
2  251 


1.828 


0.890 


I 

Cloudy;  wind  NE.,  light;  commenced  firing;  water  in 

boiler  0.55  inch  bekiw  normal  level. 
Wood  consumed,  304 . 5  lbs  ;  commenced  charging  with  coal. 
Steam  blowing  off;  weather  dearing  up;  sun  shining. 

Cle^r;  wind  NE.,  light. 


Placed  28  Uw.  of  this  coal  in  drying  apparatus. 

Filled  tank  at  10^.  55m.  a.  m« 
Fire  in  good  action. 


ConMnenced  drawing  gases  from  lower  flue  at  OA.  59m. 
p.  m.;  drew  in  32  minules80  cubic  inches,  which  gave 
water  0.46  grain,  carbonic  acid  4.22  grains,  oxygen 
9. 1 104  cubic  inches;  temperature  7d°. 

Filled  tank  at  2/i.  45m.  p.  m. 


Contents  of  ash  pit  thrown  on  grate. 


,  Water  in  boiler  left  at  0.4  inch  above  normal  level;  damp- 
,er  reduce^  to  3  inches. 

Water  in  boUcr  adjusted. 


RESmUA. 


Clinker 

Ashes 

Aahf  8  behind  bridge 

Total  clinker  and  ashes 
Deduct  wood  ashes 

Total  waste  firom  coal 
Coke 


11.00 

6fii75 

6.46 

72.20 
0.635 

71.565 
16.11 
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Date. 


Aug.  8 


Aug.  3 


TABLE  LrXXXIX.- 


Second  trial— vppfr  damper  8  inches  open ;  air  pfates  open; 

.1^ i :  1...       . 1 

..  «„^„.  .        «       .3      A.        "So 


Hour. 


A.  m. 

A.  N. 

ft.  60 
6.45 

7.10 


TEXPIKATUUEB  OP  THl 


c  • 

•9 


o 


66 
67 


69  64.0 


7.46 
8.15 
8.45 

9.16 

94« 

10.16 

10.46 

11.15 

11.45 

p.  X. 

0  16 

0.45 

1.15 

1.45 
2.15 
2.45 

3.15 
3.45 
4.15 
4.45 


71 
72 

74 

76 

78 

81 
82 
81 
83 

84 

84 


-8 


J 


64 

04 


M3 
bo 


.a 

< 


185 
160 


r 


s 


186 
243 


169  267 


66 
67 
68 

70 

70 
70 
7!) 

G8 
70 

73 
71 


83 

70 

86 

71 

84 

69 

85 

70 

85 

70 

84 

70 

84 

69 

83 

69 

.5.15  ;  82 
5.45  83 


A-  M. 

6.00 
6.30  i 


68 
68 


177 

188 
198 

209 

21f> 
226 
234 
243 
252 

255 

262 

'262 

282 
286 

288 

290 
294 
295 
295 


i 

.s 


78 
78 

77 


V 


.5 


CO 


213 

230 

231 


ll 

< 


69 
69 

169 


289 
290 
300 


77 

77 
75 


69 
70 

65 
«5 


308 
312 

210 
206 


%%^\   75 

303  76 

304  75 
301  75 


231 
231 
232 


70 
71 

72 


300 
30U 


76 
76 


308  76 


800 

;r276 

306 
314 

318 

307 
297 
308 
320 


76 

76 

76 
76 

77 

76 
76 
78 

78 


232  74 


282 
232 


7.=) 
76 


232|77 
232  78 
232  79 


231  79 
285179 
232'79.5 

231  80 
232180 

232180 

I 

232.80 
282:80 
23280 
230  80 


280 
264 

.204 
204 


78 
78 

78 
78 


23 1 '79 
230;79 


222  72 
21771 


29.99 
30.0  0 

30.00 


30.00 
30.00 
80.01 

30.01 

30.02 
30.05 
80.02 
30.02 
30.03 

30.01 
30.01 
30.01 

30.02 
30  00 
.30.02 

30.01 
30.01 
30.01 
30.01 


% 

X 


0.367 
0.627 

0.530 


0.532 
0.633 
0.541 

0.646 

0.643 
0.535 
0  545 
0.530 
0.537 

0.529 
0.645 
0.636 

0.536 
0.5.33 
0.528 


S 
a 


'3  I 


s 

"3 


6  90 
5.30 


o 

•5 


S 

•O  IS 

to'S. 


0.12 
0.21 


5.27i  0.23 


6.251  0.25 
5.251  0.26 


6.16 

5.11 

5.14; 
5.22 
6.12 
6.27 
6.20 


0.27 


0.32 


486 

786 

1249 

•  ••• 

1663 


0.36|20|7 

0.90 

0.30 

0.28 

0.30 


2611 
2»26 
SiSOi 
3906 


6.28   0.29  4317| 
5.12'  0.88^<7I9! 


0. 


30.01 
30.00 

30.09 
30.09 


520 
0.529 
0542 
0.539 


5,20 

6.20 
6.24 
5.29 

5.37 
5.28 
5.15 
6.18 


0.335269 


0.285671 
0.286081 
0.296501 


0.27|6961 
0.26,7386 
0:28  7713 


0.530 
0.519 

0  433 
0.390 


0.30 


6.27 
6.38 

6.22 
6  66 


8114 


0.26  8344 
0.24  8639 


0.15 


8646 


0.1219126 


w  o 


100.25 
100.75 


104.75 


106.76 
104.75 


95  25 
94.75 


Period  of  steady  action,  from  9A.  5m.  a.  m.  to  2A.  45m.  p.  m.«=5A.  40m.;  coal  to  gyrate  fcr  A« 
ttmo  time,  696  pounds;  water  to  boiler,  4,976  pounds;  water  to  one  of  coal,  8.3t0. 
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QUIN'S  fiCN  COAL. 

$i^^fm,f/^rauminio  chirmiet/j  and  small  furnace  in  action. 


C.3^  ] 


I 


ft 

J3  - 
o 


A*  Mt 

e.45 

7.  Id 


9.05 


10.10 
11.15 

0.00 
1.05 


100 

145 


1 

1 

^  O 


62.7 
612 

614 


4.15 


68.8 
64.4 
65.1 

67.3 

665 
65.3 
64.9 
62.0 
64.6 

67.3 
66.7 
64.5 

65.4 
62.4 
63.7 


9  a 


.  ,  if 

'« '-5  c5 1  i «  ^ 


I  £   3 

a  OB 


REMARKS.— Grate  surfiice  14.07  iqtiare  feet;  length  of 
circuit  of  heated  gases  121  feet;  height  of  chimney  63  feet 


93 

101 


t 


106 
116 

133 

137 
H5 
152 
162 
169 

171 
178 
179 

197 
202 
203 


63.7  205 

64.1  210 

614  I  211 

618  !  212 


—27 
+18 

26 

58 
59 
74 

56 


I 


•ym^mm' 


71 
72 
7fc 

68 
68 

77 
68 
44 

76 

82 
86 


2.206 
1.589 
2.453 

2.193 


2.034 
2.988 
1.669 
3.046 
2.146 

1177 
2.129 
2.913 

2.129 
2.172 
2.225 


63.2 
64.9 

63.2 
63.2 


216 
229 

142 

138 


76 
65 
76 
90 

49 
84 

—18 
—13 


2.437 
2.261 
1.706 
2.124 

1.219 


Commenced  firing, 

Wood  consumed,  97.5  pounds;  commenced  charging  n^rith 

coal. 
Air  plates  opened;  steam  blowing  o& 

Wind  NE.,  light;  sun  obscwed. 

Filled  tank  at  8^.  20m.  a.  m. 


The  coal  in  diying  apparatus  weighs  27  pounds  12^02. 


Filled  tank  at  llA.  55m.  a.  m. 

Gommenced  drawing  gases  from  lower  flue  at  Oh.  46m.; 

drew  in  27  minutes  80  cubic  inches,  which  gave  water 

0.65  grain,  carbonic  acid  4.38  grains,  oxygen  12.44 

cubic  inches;  temperature  at  bath,  80^. 
Grate  bars  became  a  little  deranged;  took  6  or  7  minutes 

to  restor^  them  Co  order;  during  which  time  one  fire 

door  was  open. 


Filled  tank  at  3A.  50m.  p.  m. 

Air  plates  closed*  and  contents  of  ash  pit  thrown  on  grate. 

Damper  reduced  to  4  inches. 

Water  in  boiler  left  at  0.6  inch  above  normal  level. 

Water  in  boiler  found  at  0.9  inch  below  normal  level. 
Water  in  boiler  adjusted.  _____ 


CUnkflT 
AA0B 


RESIDUA. 


-  14.00 


A^ics  behind  bridge 


I^cduct  wood  a^hes 


77.W 
6.05 


97.80 
•    0.S99 


To^ri  waite  from  ooai -  -  -  97.001 


CeU 


:2=S 


-  13.99 


^oot,  (firoBi  two  buroinge)         -  .•  -  •  .  .  -    6.75 


18 
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TABLE  XG.— DEDUCTIONS  FROM 

Experiment  on 


Nature  of  the  data  famished  by  the  reipectrre  tablet. 


1 

% 

8 

4 

b 

6 

7 

8 

9 
10 
11 
13 
13 
14 
16 
16 
17 
18 

19 

SO 
31 
33 

38 

34 

35 

26 
37 

38 
39 
80 
31 
33 
33 
34 
85 
86 
87 
38 
39 
40 

41 

42 
48 
44. 
45 
46. 
47 


Total  duration  of  the  experiment,  in  hours    -  .  - 

Duration  of  steady  action,  in  hours    -  -  -  - 

Area  of  gprate,  in  square  feet  .... 

Area  of  heated  sur&ce  of  boiler,  in  square  fiset 
AfeaofboUerexposedtodiTectradtation,tn8quareieet   - 
Number  of  chai^  of  coal  supplied  to  grate 
Total  weight  of  coal  supplied  to  grate,  in  pounds 
Pounds  of  coal  actually  consumed    -  *  -  - 

Pounds  of  coal  withdrawn  and  separated  after  trial     - 
Mean  weight,  in  pounds,  of  one  cubic  foot  of  coal 
Pounds  of  coal  supplied  per  hour,  during  steady  action 
Pounds  of  coal  per  square  foot  of  grate  surfisM^  per  hour 
Total  waste,  ashes  and  clinker,  from  100  pounds  of  coal 
Pounds  of  clinker  alone,  from  100  pounds  of  coal 
Ratio  of  clinker  to  the  total  waste,  per  cent  -  .  . 

Total  pounds  of  water  supplied  to  the  boiler  -  .  . 

Mean  temperature  of  water,  in  degrees  Fahrenheit 
Pounds  of  water  supplied  at  the  end  of  experiment,  to  restore 
level        -  -  -  -       .     - 

Deduction  for  temperature  of  water  supplied  at  the  end  of  ex- 
periment, in  pounds         ..... 

Pounds  of  water  evaporated  per  hour,  during  steady  action 
Cubic  feet  of  water  per  hour,  during  steady  action 
Pounds  of  water  per  square  foot  of  heated  sur&ce  per  hour,  by 
one  calculation     -----. 

Pounds  of  water  per  square  foot,  by  a  mean  of  several  obser- 
vations   ------. 

Water  evaporated  by  one  of  coal,  from  initial  temp,  (a)  final 
result       ----.-- 

Water  evaporated  by  one  of  coal,  from  iliitial  temp,  (b)  during 
steady  action        ...... 

Poundtj  of  fuel  evaporating  one  cubic  foot  of  water 
Mean  temperature  of  air  entering  below  ash  pit,  during  steady 
pressure  ----.-- 

Mean  temperature  of  wet  bulb  thermom.,  during  steady  pressure 
Mean  temperature  of  air,  on  arriving  at  the  grate 
Mean  temperature  of  gases,  when  arriving  at  the  chimney 
Mean  temperature  of  steam  in  the  boiler         ... 
Mean  temperature  of  attached  thermometer     .  .  . 

Mean  height  of  barometer,  in  inches  .... 

Mean  number  of  volumes  of  air  in  manometer 
Mean  height  of  mercury  in  manometer,  in  atmospheres 
Mean  height  of  water  in  syphon  draught  gauge,  in  inches 
Mean  ten^rature  of  dew  point,  by  calculation 
Mean  gain  of  temperature  by  the  air  before  reaching  grate 
Mean  dififorence  between  steam  and  escaping  gases     - 
Water  to  one  of  coal,  corrected  for  temperature  of  water  in  cis- 
tern        --.-.-- 
Water  to  one  of  coal,  from  313^,  corrected  for  temperature  of 
water  in  cistern    .--..- 
Pounds  of  vrater,  from  313^,  to  one  cubic  foot  of  coal 
Water,  from  313^,  to  1  lb.  of  combustible  matter  of  the  friel  - 
Mean  pressure,  in  atmospheres,  above  a  vacuum 
Mean  pressure,  in  pounds  per  square  inch,  above  atmosphere  * 
Condition  of  the  air  plates  at  the  furnace  bridge 
Inches  opening  of  damper,  (U.  upper) - -_ 


Ift  Trial. 
(T.LXXXVm.) 


August  1. 
34.75 
7.35 
14.07 
377.5 
18.75 
9.0 
904.0 
887.89 
16.11 
50.333 
100.3 
7.131 
8.036 
1.333 
15.3143 
8186.0 
7r>.6 

319.0 

41.0 
859.31 
13.749 

3.376 

3.376 

9.117 

8.575 
6.8553 

790.69 
67<».94 
313*5.81 
381°.06 
S31<».31 
77<>.375 
30.0135 
5.164 
0.5406 
0.3961 
63^45 
1830.13 
61^07 

9:0856 

10.3711 
515.84 
11.1675 
1.4358 
6.3888 
ChMed. 
U.  8. 


3d  Trial 
(Tib.LX12IL) 


Augtuti, 
33.667 
5.667 
14.07 
877.5 
18.75 
10.0 
1008.75 
995.86 
13.39 
50.4875 
105.18 
7.476 
9.745 
1.4038 
14.3896 
9136.0 
76^.1 

487.0 

63.0 

878.23 
14.05 

2.326 

2.329 

9.105 

8.349 
6.8644 

8P.0 
69^.47 
350*».0 
802^.0 
33l<».68 
77<'.34 
30.012 
5.218 
0.6357 
0.3981 
64«.49 
169«.9 
71«.87 

9.0755 

10.2729 
518.18 
118822 
1.418 
6.0997 
Open. 
U.  8.  I 
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TABLES  LXXXVIII,  LXXXIX. 
Quints  Run  coal. 


ATerages. 


14.76 

50.8897 
102.09 
7.289 
8. 8856 
I.813S 

14.802 


Remarks. 


868. 7S5 
13.8^96 

2.391 


9.111 

8.462 
6.8598 


231O.406 
291«.63 


The  greater  proportion  of  clinker  is  found  at  the  second  trial,  when  the  combustion 
and  evaporation  were  more*rapid  than  on  the  preceding  day. 


There  was  probably  more  coal  on  the  grate  at  the  end  than  at  the  beginning  of  the^ 
period  of  steady  action. 


It  will  often  be  observed  that  when  the  open  air  plate  produces  an  evaporative  efiect, 
as  indicated  in  the  4l8t  and  43d  lines,  superior  to  what  had  been  obtained  by  the 
dosed  air  plate,  the  temperature  of  air  entering  the  chimney  was  also  found  higfier 
with  the  open  than  with  the  closed  plate. 


0.2971 

1510.06 
61M7 

9.0805 

10.272 
516  985 
11.2748 
1.4194 
6.194 


\ , 


The  coinddence  of  the  two  trials  is  very  near;  but  the  total  waste  on  the  eeeond  being 
greater  than  on  the  first  trial,  the  effidency  of  the  unit  of  combustible  (line  43)  is 
not  quite  so  great  in  the  firat  as  in  the  second  experiment  The  opening  of  the 
air  plate  appetrt  to  have  &?ored  slightly  the  increase  of  evaporative  effect. 
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Bemarks  on  the  three  prectding  fables. 


By  a  reiiexence  io  the  two  tables  of  experimeAts^  LXXXVIII  afid 
LXXXIX,  it  will  be  seen  that  the  rate  of  supplying  water  to  the  boiler 
'during  the  period  of  steady  action  was,  in  general,  very  regular ;  and  that 
the  uniformity  of  rate  extended,  on  the  second  trial,  to  an  hour  before  and 
an  hour  after  the  limits  assumed  for  steady  action.  But  it  did  not  com- 
mence till  some  time  after  the  second  charge  of  coal  was  all  upon  the  grate, 
nor  continue  so  late  as  when  the  last  charge  was  all  on.  This  rei^ders  it 
necessary,  for  the  purposes  of  calculation,  to  assume  the  times  specified  at 
the  foot  of  the  table,  for  the  commencement  and  termination  of  steady  ac- 
tion. The  boiler,  in  fact,  performed  its  office  for  7i  hours  on  the  second 
day,  at  almost  exactly  the  same  mean  rate  as  during  the  5|  hours  between 
the  times  of  supplying  the  third  and  that  of  the  ninth  charge  of  coal.  As 
all  the  times  elapsed  between  consecutive  sets  of  observations  had  the  same 
length,  (namely,  half  an  hour,)  the  result  of  the  single  calculation  for  the 
whole  time  is,  of  course,  identical  with  that  of  the  mean  of  the  separate  cal- 
culations, as  seen  in  the  22d  and  23d  lines  of  the  table  of  deductions  in  the 
column  of  the  first  trial. 

The  3d  line  of  the  last  table  shows  that  the  grate  was  of  the  same  size  in 
both  trials;  the  llth,  that  the  coal  was  supplied  five  percent,  more  rapidly 
on  the  second  than  on  the  first ;  the  20th,  that,  on  an  average,  19  pound^ 
more  of  water  were  evaporated  per  hour  on  the  second ;  the  39th,  that  the 
gases  escaped  to  the  chimney  with  20  degrees  more  of  an  excess  above  the 
steam  in  ^he  boiler  on  the  second  than  on  the  first  trial ;  the  43d  line  proves 
that  O.ll  of  a  pound  more  of  water  was  evaporated  by  a  pound  of  combus- 
tible matter  of  the  coal  on  the  second  than  on  the  first  trial ;  and  the  46th 
Ime  shows  that  on  the  first  trial  the  air  plate  was  closed,  and  on  the  second 
it  was  open.  The  syphon  showed  the  mean  force  of  draught  on  the  two 
days  to  be  nearly  identical.  These  facts  appear  to  prove  conclusively  ihc 
advantage  to  this  coal  of  air  admitted  at  the  bridge. 


JBUumimus  coal  from  JCarthau^p  CUaKfi^l^eatiu^s^-Pcnnsiyiuania^  unt 

by  C.  S.  McCoy  fy  Company.    . 

This  jsaiople  was  ^  accomjfanied  by  a  l^t^j  a£  wfa^^  ib#  fallowwg  is  0* 
copy : 

"  Karthaus,  June  52,  1S42. 

^^Gektsl:  AccordiDg'  to  your  adverliseiitent,.and  at  your  request,  we 
have  forwarded  ou  to  your  aepartmeut  tbo  qii^tUy  of  buuiumouscpalyou,  . 
have  required  for  a  sample^  although  at  considerable  expense  to  get  it  to 
your  plc^  at  this  $^a^n  of  the  ye^. 

"  We  consider  it  i  pl^a3vre  inforwaw^^Jg5amplea  of  ourwal  to  i^ny  pw:t 
of  the  ITuited  States^.j;iot  feairing  biit  it  will  hx  surp^g^  your  expectatioos^ 

"  We  do  flattex  dur3elves  to  think^  from  the  trials,  already  made  of  our 
coaly  to  say  that  we  have  the  best  bituminous  coal  in  ibe  world.  All  we 
ask  is  a  fair  ti;ial .  The  coal  we  seiu  you  was  put  in  four  hogsheads,  mark- 
ed *  fironi  C.  S,  IVIcCoy  &  Co/s  sample  coa^/  Two  hogsheads  were  from 
the  Kariha^s^  and  two  firom  the  SaU  lick  banks.  We  don't  consider  that 
there  is  ^m  difference  in  xbe  coal,  as  they  are  only  ^e  mile  (xx^m  each 
other;  both  on! the  we&t^ branch  of  the  Susquehanna, riven  The  coal  we 
sent  you  was  taken  from  the  mine  last* 

**  We  caj^  deliver  any  quantity  of  the  coal  at  Port  Deposit  in  the  spring 
of  the  year^  or  as  Jocig  as  our  river  keeps  up,  which  soipetimes  lasts  thr^oe, 
months. 

"  If  our  coal  should  suit  you,  and  we  could  agree  upon  the  price,  it  wp^ld 
be  necessary  for  us  to  know  soon,  as  it  will  require  a  good  de^l  of  prepa« 
ration  to  build  arks,  which  would  have  to  be  done  in  part  this  suouner  ^nd 
fall  From  Port  Deposit  it  could  be  delivered  to  any  of  the  points  on  the 
coast  yon  have  designated  in  your  advertisement. 

"  We  call  deliver  our  coal  at  port  at  about  JB7  50  for  2,000  pounds.  Our 
coal  always  sells  on  the  Susquehanna  river  from  3  to  5  cents  a  bushel  more 
than  aQy  other  bituminous  coal.  We  would  like  to  hear  from  you  as  sQon 
as  you  thake  the  trial       ■ 

<<  We  refer  you  to  General  James  Irvio,  member  of  Congress  from  Centre 
coimty,  Pennsylvania,  who  is  personally  acquainted  with  us  and  our  coal. 
If  you  think  it  necessary,  one  of  us  could  come  into  your  place  ^qd'  make 
arrangements.' 

*^  YourS|  wjih  respttfit^ 

^  C.  &  JtfoCOy,  4  CO. 

"perJ.  G.  LEBQ.'* 


Juk  to  eilf(nMQhai)Mler8y.tbi6:fliBlbas.aoo]ttipaarBtciidt^ 
ease  aft  iite  Biu&eeflnof  deyoaitipn^  ttk  which  tlM>iiiaiii  paitiBga  am:  at.  riglic 
angloi*  The  ctosa ^artiagi.  are  ml,  in.  geoemal^nmlL ideineiL  -  Tkel  cdknr 
is  a  dei^  blacky  and  ifbd  hime^dxA  or  sbming^  aecbnling  to  >tbe  pai^palar 
ply  eJCfbmned*  \  Tbe.«isfiieea.in:the>maiii  partings  ezbibitfreqaentcAaks^: 
of eikvbenlite.of ikkei  SuIfrt^sM  of irefi.is.oecemoaUyibufld.effloie^^ 
am^ng  the  oartMonst^eoitt  Bialter  tft  tha  boazeolid  jMurtitiga. 

The  ^()eeiic.  {^ntTitir  <rf  two  ^qpedintos  vuLdf  lajanal:  lJi!753)tespeet^ 
ively ;  from  the  mean  of  which,  the  ealpalatei  nmight  tdctheiDMB  ts'fiOJM 
pounds  per  cubic  foot. 
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Thirty-five  trials  in  the  cimrge  box  proved  the  average  weight  per  cubic 
footy  in  the  state  in  which  it  was  received,  to  be  52.542  pounds — the  ex- 
tremes being  49.375  and  56.625/or  which  the  mean  is  53  pounds,  orO.6549 
of  the  calculated  weight. 

The  space  required  for  1  ton  is  42.634  cubic  feet. 

The  moisture  expelled  from  the  two  specimens  above  tried  was  found  to 
be  0.77  for  the  first,  and  0.952  for  the  second.  This  was  effected  by  ex- 
posing the  powder  to  a  temperature  of  216^  for  more  than  an  hour  in  the 
apparatus  seen  at  plate  i,  fig.  1. 

By  drying  in  the  apparatus  K,  (Plate  II,  Fig.  1,)  connected  with  the 
boiler  at  the  navy  yard,  the  loss  on  28  pounds  was  51  ounces,  or  1.282  per 
cent. 

The  per  centage  of  volatile  matter,  other  than  moisture,  was  found,  by 
rapidly  coking  the  first  specimen;  to  be  21.5  per  cent,  j  and  by  coking  so 
slowly  as  to  prevent  agglutination  of  the  particles  of  coal,  it  was  but  13.06 
per  cent.  The  second  specimen  gave,  by  a  mean  of  two  trials,  both  per- 
formed rapidly,  11.881  per  cent. 

Dr.  King  obtained  from  two  specimens  a  mean  of  23.25  per  cent,  of  vol- 
atile matter.  The  mean  of  trials  on  four  specimens  gives  the  total  volatile 
matter  19.23  per  cent.  Hence  it  appears  that  the  Earthaus  coal  is  superior 
in  the  amount  of  its  volatile  constituents  to  any  of  the  free-buifning  coals 
hitherto  examined.  But  its  principal  constituent  is  still  the  Jlxed  carbon^ 
which,  for  the  least  amount  of  volatile  matter  obtained  by  slowly  coking 
the  first  specimen,  was  ^^••^y=6.124  times  as  much  as  the  latter  ingre- 
dient ;  but  by  rapid  coking,  the  ratio  was  reduced  to  ^|^»|' =3.378. 

The  incineration  of  each  specimen  was  made  in  the  same  manner  as  of 
other  samples.  Specimen  a  gave  5.087,  and  specimen  6,  6.68  per  cent  of 
reddish-gray  ashes. 

In  one  hundred  parts,  therefore,  there  were  in 

Water    -  ...  -  - 

.  Other  volatile  matter      -'  -  - 

Earthy  matter    -  -  -       ,     - 

Carbon  ----- 


Specixi»»aa. 

Spedmea  b'^ 

0.770 

0.95? 

21.500 

11.881 

5.087 

6.680 

72.643 

80.487 

100. 

100. 

Volatile  to  fixed  combustible  -     1 : 3.378  1 : 6.8X2 

During  the  four  trials  on  evaporation,  the  total  weight  of  coal  burned 
was  3,64^64  poutids,  which  produced  of  clinker  136.71  pounds,  and  of 
ashes  IM^fa^ 

The  ashes,  by  complete  reincineration,  lost  12.6  of  their  weight,  and  the 
clidkffiT  WH^  r^dsoed  to  s.iSper  cent  by  the  same  aneatis;  so  thai  the  ab- 
sotMja.  amoiHit  of  waBte  withdrawn  fcom'  che  fitrwfte  ww  255U)S  pounds ; 
of  iwbich  iOe  part  in  the  atate^  irf.<ibQker  was  SZASfor  cetnt,  and  the  whole 
was  "7  p^:qent«  of  the  coal  oonaumed  The  dsheii  weigh  -47.94  pounds  per 
cuUofioot^  and  are,  when  complexly  freed  from  oarboB,  of  a  light  reddlib* 
graj  ioetor.  'rhe.dinker  woglis*  32.7S  pounds  p^  cubie  fiwt,  and  is  of  a 
dark-brown  and  ironrblael^  odor,  with  yeUowisb^duly  portions.  It  is  in 
smcill  fragrndnts,  porous  in  t«ctarey«ni  not  soimicb  af^tinatod  as  to 
catMe  very  Badous  obstruction  %o  tiie  passage  of  air. 
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The  large  proportion  of  clinker  is  in  part  accounted  for  by  the  presence 
ofsulpbnret  of  iron  in  such  quantity  as  to  yield  1.58  per  cent,  of  sulphur 
from  the  specimen  a^  above  analyzed. 

The  accendibility  of  this  coal  (that  is,  the  degree  of  readiness  with  which 
its  combustion  commences)  is  indieated  by  the  fact  that  it  required  on  ah 
average  1  j.  hour  to  bring  the  boiler  into  steady  action  after  the  charging 
with  coal  had  commenced.  ^ 

The  weight  of  coke  withdrawn  after  each  trial  was,  on  an  average,  a578 
pounds. 

A  trial  of  specimen  a  by  the  oxide  of  lead  resulted  in  reducing  31.328 
times  its  weight  of  metallic  lead ;  and  this,  deducting  the  incombustible  ma- 
terials present,  gives  for  1  of  combustible,  33.309. 

This  coal  was  tried  for  its  general  adaptation  to  smithing  purposes,  both 
in  the  chain  and  anchor  shops,  where  it  was  found  to  give  a  good  hx>llow 
fire^  preserving  the  arch  without  danger  of  disturbance  from  the  blast,  and 
to  produce  a  dear  and  effective  welding  heat.  The  coke  is  not  quite  equal 
for  sustaining  a  good  durable  fire  to  that  from  some  other  coals  of  the  free- 
burning  class. 

Id  a  well-set  office  grate,  with  a  good  draught,  it  was  found  to  require 
considerable  time  for  ignition,  kindling  slowly  at  the  bottom.  More  than 
an  hour  elapsed  before  any  considerable  activity  of  combustion  had  been 
attained.  While  any  of  the  vaporizable  and  gasefiable  ingredients  of  coal 
remain,  the  inass  will  remain  mostly  black.  White  or  yellowish  vapors 
continue  to  be  ^iven  off  at  the  top  of  the  mass ;  and  even  if  temporarily  ig- 
nited, by  bringme  any  flaming  body  in  contact  with  these  gaseous  materials, 
they  will  generally  burn  but  fitfully,  and  their  inflammation  will  la^t  no 
longer  than  the  torch  with  which  they  are  attempted  to  be  ignited  is  kept 
in  contact  with  the  issuing  current  of  mixed  vapors  and  gases.  It  will  be 
seen,  on  consulting  the  tables  of  experiments  with  that  of  deductions  fol- 
lowing them,  that  son^  difference  m  evaporative  power  was  observed 
while  using  cUflerent  casks  of  the  sample ;  but,  as  the  two  localities  from 
which  they  came  were  not  designated,  the  whole  is,  of  course,  taken  as  a 
single  sample. 

In  coking  rapidly,  this  coal  discharges  gas  copiously,  intumesces  strongly, 
forming  a  coherent  porous  mass,  moderately  tough,  and  of  a  steel-gray 
colon  By  coking  more  slowlv,  the  consistence  is  more  compact  and  tough ; 
and  by  very  slow  treatment,  the  powder  is  scarcely  rendered  in  any  degree 
coherent.    The  coke  of  this  coal  is  well  adapted  for  smelting  iron. 
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TABLE  XCI.^ 
First  trial — upper  damper  \2 


<■  >■ 


H4- 


Date. 


A^16 


April? 


Hour. 


h.  fti' 

A.  m, 

6.00 

7.00 

8.30 

8.45 

9.00 

10.00 

10.10 


10.45 
11.45 

7.  X. 

0.25 
1.04 
1.25 
1.45 
3.25 
4.00 
4.15 
5.05 
5.40 

6.10 

▲.    M. 

6.15 


TEMPBBATVBftS  01  TH» 


bc 


o 


40 

40 

44 

44 

44 

46.6 

47 


48 
48 

49 

50 

50.5 

51 

51 

51 

50.5 

51 

61 

52 


42 


90 

82 

94 

96 

104 

108 

110 


fee 


a 


100 
174 
214 
194 
196 
212 
226 


118 
132 

152 
170 
184 
204 
226 
234 
238 
248 
255 

270 


150 


.2 


42 

42 
42 
42 
42 
44 
44 


6 
I 


.a 


m 


172 

192 
226 
226 
224 
'228 
228 


o 


o 

I 


-a 

X 


242 
280 

254 
29^4 
254 
230 
236 
284 
272 
276 
288 

2S0 


170 


48 
56 

66 
88 
97 
60 
62 
62 
62 
62 
62.51 


64 


228 
980 

229 

230 

229 

229 

930 

230 

230 

230.5 

229.751 


62.5  229 


204 


29.97 
29.97 
29.97 
29.97 
29.97 
39.97 
29.96 


I 
§ 

a 


29.97 
29.97 

29.96 
29.96 
29.96 
29.96 
29.96 
29.96 
29.96 
29.96 
29.96 

29.96 


30.10 


0.118 
0.145 
0.140 


0.160 
0.170 

0.166 
0.180 
0.163 
0.153 
0.166 
0.170 
0.173 
0. 1 80 
0.178 

0.165 


9.00 

8.88 

8.92 
8.78 
8.98 
8.05 
8.94 
^.90 
8.87 
'8.78 
8.86 

&94 


0.28 
0.3D 

o.ao 

0.30 
0.30 
0.25 
0.90 
0.80 
0.31 
0.31 
0.81 


0.30 
0.12 


410 
900 

1466 
2010 
2310 
2310 
9600 
4184 
4442 

5217 
5628 


6460 

7250 


104aM) 
100.60 

108.50 


^ 


107.75 
217.» 

105.00 
10150 


The  period  of  iteid:ffectkn  it  from  10i4«  IOiti.  a.  m.  toM.  40m*  p. -m.ai  7/b. 'dOntvcoalnip- 
pli^  lo  gralt, .636.5 Um.«  wsterio  boiler^  ^5^  lb*.;  wstor  to  1  of  a)tl>  9.799.  Thb  1)«iBg4h» 
first  experiment  of  the  series,  less  regulari^  in  the  sopplying  hoth  of  eool  and  of  twter  is  tAxm^ 
ble»  than  were  found  practicable  after  a  little  training  and  experience  on  the  part  of  the  firemen  and 
other  assistants. 


2S£ 


[^3881 


KAHrOAVS  OQAL. 


I 


s: 
o    i 


9.00 
10.10 


1.49 
8.25 

4.15 
5.05 
5,40 


I 

•^  G 


[i^i 


b6 

50 
64 


I 


^ 


Vh 


II 


li 
III 


^72 
—18 
—12 
-*82 
— 2e 


61.61—16 

68    i—  2 


•^0    ^-f-14 


84' 

10^ 

120 

133.6 

153 

175 

183 

187.6 

197 

204   . 

218 


108 


50 

4 

25 
62 
26 

1 

6 
64 
4t 
46.5 

68r2ti 


I. 


61 


—34 


.8 


1.112 


1.643 
1.29^8' 

t.226' 
^.24l 
2.271 
1.576 
1.676 
3.105 

2,744 
2.461 
1.863 


R£MABKa-M}r^  mir&c^  14.620  sqiiar^detvMgfh  of  dr^ 
cult  of  heated  gases  im  ietti  )ie^&t)(tf  ch^ney  41  feet. 


Mtnomiter  contains  10.911  volumes  of  air. 
CombMbced  fixing.  ^ 

Wood  consumed,  266' lbs. ;  ashes  of  vK>od  widldhfwti;  com- 
menced charging  vfiih  coal. 


(No'ob^rvatfons on  the "wet hulb thehiiometiiri^ere  taken^ 
and  of  course  no  dew  points  were  computed.) 

'the  upp^r  t^opcock  of  the  sutpTying  app&t^Us  (leaking 
slightly,  allows  a  m^aH  du^ntity'of  ^tetob  to  get  to»  and 
raise  the  temperature  t>f,  the  water  in  dstem. 

Damper  nearly  dosed;  upper  stopcock  of  supplying  appa- 
'   ratUs  tighttoed;  filled  tank. 

In  the  weight  o/  cfuo'gty,  two  boi«s  arts  iAClhded  C^r  this, 
hour. 


The  coal  of  this  espeataetA  is  neftrjj^  SntM  «bk#d. 


Water  adjusted  in  boiler. 


Cbnker 


Total  watte  firom  coal 
Coke 


RESIDUA. 


Pounds. 

33.  lit 
17.00 

60.12 


9.8 


C388] 
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TABLE  XCn.— 
Second  trial — upper  damper 


Dttt. 


April  7 


April  8 


Hour. 


8.60 
10.15 

10.45 

F.  M. 

0.00 

0.48 
1.30 
3.00 
3.45 

4.40 
5.30 

6.00 

6.00 


TIXPIBATVmKS  or  THE 


«1 

•a 
l| 

3 


44 

50 

60,7 


52,5 

53.5 
65 
67 
57.6 

58 
59 

59.5 


60 


I 
I 


bb6 


.ftj 

< 


s 

s 


150 
140 

142 


170 

200 
244 
310 
328 
340 
346 

352 


162 


bo 


r 


158 
244 

244 


294 

324 
312 
808 
306 

311 
304 

330 


180 


I 


43 
43 

43 


43.5 

44 
44 
44 
51 
51 
51 

51 


52 


e 
I 

00 


194 
224 

228 


230 

230.6 

230.5 

230 

230.5 

230 

230.5 

230 


205 


'30.13 
30.12 

30.12 


30.12 

30.11 
30.08 
80.08 
30.07 
30.07 
30.02 

30.02 


29.79 


o 

§ 
6 

•6 

•s 

n 


0.140 
0.175 


0.195 

0.196 
0.195 
0.196 
0.193 
0.185 
0.186 

0.178 


.9 
8  fl 


•3 

> 


9.18 


8 


1^1 


0.12 
0.16 


8.85  OM 


8.64 

8.64 
8.64 
8.62 
8.65 
8.74 
8.72 


0«26 


910 


0.28 
0.28 
0.29 
0.29 
0.30 
0.30 


1890 
2705 
4015 
4765 
5685 
6617 


8.81  0.28 


7300 


0.138335 


I 


102.75 
-  1 1 10.75 


107.25 


113.25 
113Jt5 
219.15 
106.75 
106.00 
112.50 


Period  of  steady  actioOf  from  12A.  m.  to  6^.  8O111.  p.  m.  ^  5^.  90m. ;  coal  supplied  to  gnte, 
769.9  lbs.;  water  to  boiler,  6,607  lbs. ;  water  to  1  of  coal,  6.681.  The  coal  appears  to  havelma 
supplied  more  rapidly  than  it  was  ooBsumed»  leading  a  (leavy  bed  on  tiie  grate»  to  perfi>rm  its  office 
4uring  the  night 
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COAL. 


13  Uuht9,9ptn.i  air  piatuopen. 


I 

u 

IS 


h.  HI. 

10.16 

;    10.46 

0.00 


0.48 
l.dO 
3.00 
8.46 
4.40 
5.30 


A 
J 


I 


106 
90 

91.3 

117.5 

146.6 

189 

268 

270.6 

282 

287 

292.5 


112 


--36 
-h20 

IQ 
64 


93.6 
81.5 
78 
)»   75^ 
81 
73.6 


100 


—25 


I 


m 


1.928 


3.246 
3.083 
2.313 
2.649 
2.668 
2.644 


REMARKS — Gnte  sor&ce  14.626  flqoaro  feet;  length'of 
eiicmt  of  hasted  gAses  121  feet;  height  of  ^iiamej  41 
feet ;  B  perforated  plate  for  the  admiflBion  of  air  intro- 
duced at  ba<^  of  grata. 


Commenced  firing;  filled  tank. 

Wood  consumed,  190.6  lbs.;  commenced  chargmg  with 

coal. 
Two  rowf  of  iiolee  opened  in  air  plates. 

Four  rows  of  holea  opened  in  air  plates;  no  amoke  from 
chimney. 


Filled  tank. 

Air  plate  entirely  opened* 

The  coal  consumed  this  dmy  Qontoins  more  hunpe  than  that 

burned  in  the  first  expeomant. 
Contents  of  ash  pit  thrown  on  grate;  water  in  boiler  1.5 

inch  above  nonnal  level. 
Water  in  boiler  adjusted. 


RESIDUA. 


Clinker 
AAcs 


Didoct  wood  ashes     - 
Total  waste  from  coal 
Coke 


Pounds. 
49.76 
27.26 

77,00 
{0.MI6 

76.416 
4.876 


[39ft^^  284. 

TABlt*  xcrni- 

Third  triet^t^iptr  dumper  13  inehu 


TCe|ieriod  of  itesdy  action  extendi  &nn  IDA.  a.  m;  to  6A.30nt.p.tii.~7A.'30ffi.;  U)tl>tip[M 
hi^nrte,  707.0  Ib&;  nater  to  IxHler,  5,655  ]b«,:  water  to  1  of  coal,  7.991. 


SS5 


[rase] 


«HmU.U&(!OAL. 


f 

1 

:J' 

f 

i_ 

l_ 

A.  m. 

;, 

S,' 

— 3« 

+  « 

'  8 

- 

Wood  ooonuBed,  1S7.5  lbs.;  eteim   blonins  off;  coa- 
,  meneed  aha^ng  wilh  caftL 

IftM 

: 

107 
157 

34 
31 

1.013 
1.M3 

11.00 

se 

3.106 

0.M 
I.H 
t.«0 

WO 

: 

199.5 
942 

t71- 

-980 
SS4 

»91.6 

.3* 
St 
36 
11 
SS 
■<7 
40 

1.M7 
S.80S 
1.748 
0.fl<6 
2.SU 
I.MS 

3.ee» 

Fire  active. 

Tuik  p«11}' filled:  waWrinmectoolowtabemched. 
Fined  t«^  the  tide  bein^  now  ptrliBUy  ^^. 
Co.1  of  thU.  cl.7'«  etcporinKDt  fine  or  oUM. 

- 

91 

1.351 

- 

- 

»7J> 

13 

- 

143 
1)6 

—  14 

- 

Water  in  bailer  tdjiuAad. 

Clnktt 34.0M 

Arfiee 88.979 

Ariwi  behind  bridge 9.370 


Total  w 


0.676 
79.867 
9.937 


[  386  ]  «86 

TABLE  XCIV^ 
Fourth  trud—upper  dait^ 


Period  of  ilesd;  action  computed  from  f>h.  itOm.  a.m.  toS4.p.  m—ih.  40n>.;  coal  nnW 
«Ktat«,  416.76  lbs.;  water  to  boiler,  3,435  Ibn.;  wM«r  to  1  ofccal,  B.M3. 
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XARTHATJS  GOAL- 
IE inches  open  ;  air  plates  open. 


REMARKS.'-Gnite  mxxht^  U.SQfquiiefeet;  lengUiof  cir] 
cnit  of  heated  gam  131  feet)  bdght  of  ehhmey  4lleet. 


Commenced  firing. 

Wood  consumed,  171.6  lbs;  commenced  charging  ^ntb 

coal;  steam  at  eqmlft>rio. 
Steam  blowing  off. 


Filled  tank. 


1.7ft9 

1.166  Fire  alnggiflh. 


Coal  consumed  to-day^  a  mixture  of  lumpe  and  fine. 
Ash  pit  contents  thrown  on  grate. 


Water  in  boiler  adjusted. 


RESIDUA. 

r«4_».  Pounds^ 

Clinker       -.*. I^y5 

Ashes         -           -           .            .            -            .  ,  .           ^.  4$.00 

Ashes  behind  bridge  •  -  .  .  .  .  ..'    5.53 

Total  dinker  and  ashes       *           -           -           .  .  ..           .'  70.38 

Deduct  wood  ashes  -           «           •           -•  .  ..           .  0<5i^6 

Total  waste  from  coal          -           •           •           .  .  ...           .  69.864 

Coke          -           -          •-           -           -  .  .           .           .  10.50 

Soot  and  dust         -           «           •..           •  •  .           ^           ,.  15.00 


[  886  ] 


1 
3 
3 

4 
5 
6 
7 
8 
9 

la 

11 

12 
IS 
14 
15 
16 
17 
18 
19 

30 
21 
22 

23 

24 

25 

26 
27 

S8 
29 
-  30 
31 
32 
33 

35 

36 

"37 

38 

39 


'  988 

TABLE  XCV.— DEDUCTIONS  HBOM 

Experiments  on 


Nature  of  the  data  furnished  bj  the  respective  tablee. 


l«t  Trial. 
<7W.jrCi) 


Total  dmiiim  of  th«  expccim^tt,  in  htftu^    ... 
Dnralian  6i  steady  action,  in  hours  -  -  «  - 

Area  of  grate,  in  square  feet  -  -  -  - 

Area  of  heated  surface  of  boiler,  in  square  feet 
Area  of  boiler  exposed  to  direct  radiatiofi,  in  sqtiare  ieet 
Number  of  charges  of  coal  supplied  to  grate  -  -  - 

Total  weight  of  coal  supplied  to  ^rate,  in  pounds 
Pounds  of  coal  actually  consumed      -        .     - 
Pounds  of  coal  withdrawn  and  sepajB^d^  a^af  trial 
Mea^  weig)^  m  pounds,  of  one  cubic  &9ft  of  coal     - 
Pounds  of  coal  suppHed  per  hour,  duiifig  eteady  action 
Pounds  of  coal  per  square  loot  of  grate  attrlace>  per  hour 
Total  waste,  ashes  and  clinker,  from  100  pounds  of  coal 
Pounds  of  clinker  alone,  from  100<  pounds  of  coal 
Ratio  of  clinker  to  the  total  waste,  per  cent.  -  -  « 

Total  pounds  of  water  supplied  to  the  boiler  •  > 
Mean  temperature  of  water,  in  degrees  Fahrenheit 
Pounds  of  water  supplied  at  the  end  of  experiment,  to  rastore  lerei 
Deduction  for  temperature  of  water  supplied  at  the  end  of  ex- 
periment, in  pounds  -  -  -  •  . 
Pounds  of  water  evaporated  per  hour,  during  steady  action 
Cubic  feet  of  water  per  hour,  during  steady  action      -  ^^ 
Pounds  of  water  per  square  foot  of  heated  surface  per  hour,  by 
^neeakmMioB     -.--.- 
Pounds  of  water  per  square  foot,  by  a  mean  of  several  obeer* 
yationa     ------- 

Water  evaporated  by  one  of  coal,  from  initial  tempenture  (a) 
final  result  ------ 

Water  evaporated  by  one  of  coal,  from  initial  temperature  (b) 
during  steady  action  -  -  -  -  - 

Pounds  of  friel  evaporating  one  oobicieot  ^  water     • 
Mean  temperature  of  air  entering  below  ash  pit,  during  steady 
piuHuie  ------- 

Mean  temp,  of  wet  bulb  thermometer,  4unng  steady  pressure 
Mean  temperature  of  air,  on  arriving  at  the  grate 
Mean  temperature  of  gases,  when  arriving  at  the  chimney 
Mean  temperature  of  steam  in 'the  boiler        .  .  . 

Mean  temperature  of  attached  thermometer    -  -  ^ 

Mean  height  of  barometer,  in  inches  -  .  . 

^ean  number  of  volumes  of  air  in  manometer 
Mean'  height  of  mercury  in  manometer  .  •  - 

Mean  height  of  water  in  syphon  draught  gauge,  in  inches 
'ItCean  temperature  of  dew  point,  by  calculation. 
Mean  gain  of  temperature  by  the  air,  before  reaching  grate 
Mean  di&renoe  between  steam  and  escaping  gases 


40  M^ter  to  one  of  coal,  corrected  for  temp,  of  water  in  cistern  • 

41  1  Water  to  one  of  coal,  from  212^,  corrected  for  temperature  of 
.water  in  cisftem     -  *  -  -  -  •  - 

42  Pounds  of  water,  from  212^,  to  one  cubic  fooTof  coal 

43  Water,  fitim  212*°,  to  one  pound  of  combustible  matter  of  the 
fiiel 

44  Mean  preasure,  in  atmospheres,  above  a  vacuum 

45  Mean  pressure,  in  pounds  per  square  inch,  above  atmosphere  - 

46  Condition  of  the  air  plates  at  the  furnace  bridge 

47  *    Inches  opening  of  damper,  (U.  upper)  -  .  . 


April  6, 

24.25 

7.5 

14.625 
377.5 
19.485 
9.0 
949.6 
940.0 
9.5 
$2.75 
84.867 
&883 
.  ,6.2451 
3:532 
66.488 
725a9 
650.6 
790.6 

lUO 
741.67 
11.857 

U9629 

2.0821 

7.5847 

8.7321 
8.2294 

50®.  25 

2020.58 
2670.33 
2290.52 
470.0 
29.962 
8.9083 
0.1682 
0.2963 

1520.33 
370.8I 
7.5947 

8.7479 
461.45 

9.2322 

1.4151 

6.1299 

(None  in.) 

U.     12 


2d  Trial 
(7W.  XC2L) 

April!. 
2L166 
5.5 

14.685 
377.5 
19.485 
10.0 
1090.65 
1086.88 
4^76 
biiim 
139.98 
9.571 
7.0345 
4*5488 
64^85 
8385.8 
470.6 
1025.8 

153.8 
1019.45 
16.31 

2.7006 

8.765 

7.8381 

6.6813 
8.8978 

560.5 

2860.85 
3110.186 
2300.85 
540.0 
30.071 
8.6888 
O.19L0 
0.890 

2290.75 
80O.875 
7.5381 

8.7343 
476.6 

9.3968 

1.486 

6.391 

Open. 

U.    13 
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TABLES  XCI,  XCII,  XCIII,  XCIV. 
Karthaus  coaL 
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adTriaf. 

(7».  xcm.) 

Aprils, 

S4.26 

7.5 

14.89 

8f7.5 

10.86 

le.o 

1009.75 
999.81 
9.94 
60.4876 
94.33 
6.335 
7.988 
3^8866 
42.392 
8060.0 
66^4 
645.0 

87.0 
754.0 
12.06 

K997 

1.980 

7.9745 

7.992 
7.8375 

90^.09 

296<*.36 

1S8<'.27 
2«9«.18 
67<>.0 
30.055 

8.7682 

0.182 

0.165 

327**.37 
29<>.09 
7.9739 

9.0856 
45871 

9.8744 
1.4306 
6.4474 
Opm  (7  WW*,) 
V.     12 


4A  Trial. 
(Tab.  XCIV,) 

April  %9. 
24.0 
5.667 
14.89 
377.6 
19.86 
6.0 
628,25 
617.75 
10.5 
52.3543 
73.563 
4.939 
11.308 
3.1728 
28.059 
.'376.0 
68<».4 
400.0 

53.0 
606.248 
9.699 

1.606 

.  1.676 

8.6151 

8.242 
7.2547 

76<>.l 

2910.8      . 
273*».l 
2180.6 
72^.0 
30.054 
8.857 
0.174 
0.1544 

2160.7 
440.6 
8.5982 

9.797 
612.91    ^ 

11.0461 
1.4279 
6.3198 
Fully  open. 
U.     13 

'T9~' 


Averages. 


8.578 
62.581 

96.1825 
6.662 
7.8939 
3.6588 

60.3835 


rr 


"^•^ 


lUantrks. 


fc^.-  ■       Ml  m^ 


'Jf 


'.ft 


780.192 
12.4815 

2.0666 


7.9291 

7.8868 
7.9048 


fThe  grate  «l  the  Ist  triiJ  wm  12  incheB  in  frdat  iod 
14  iDcheB  at  the  rear,  below  the  bottom  of  iht 
boiler ;  on  the  2d  trial  it  wap  1  foot  below ;  on  tlie 
3d  and  4th,  9  incfaoe  below. 
On  the  2d.triaU  a.caiik  c^  tbt  aaraplc  was  uied  whkh 
contained  a  larger  proportion  of  lumpa  than  the 
first,  as  will  be  noticed  in  the  remarks  in  table 
XCII;  hence  its  superior  weight  per  cnbic  foot. 
There  were  also  more  lumps  in  ttie  4th  than  in 
the  3d  day's  bnming,  with  a,  conespradiog  supe- 
riority of  weight  per  cubic  foot. 


2690.2475 
2770.456 


0.2264 

206O.5125 
48O.094 
7.9247 

9.0912 
477.4175 

9.8«<7 

1.4264 

6.297 


This  being  the  first  sample  of  coal  tried,  no  observa- 
tions for  dew  point  were  taken,  as  the  apparatus  had 
not,  at  the  time,  Wen  completed. 


The  syphon  tube  was  rather  too  small  to  he  duly  sen- 
sible, and  it  was  found  necessary  frequently  to  re- 
new the  colored  wat^,  owing  to  i  slight  tendency  to 
viscidity,  caused  by  the  coloring  material--cochineel» 
A  tube  four  or  five  tenths  of  an  inch  in  diameter, 
afterwards  employed,  obviatod  this  difficulty. 

As  there  were  two  varieties  of  coal  in  this  sample,  so 
there  are  two  seta  of  results,  as  obviouB  in  this  line. 
The  1st  and  2d  trials  appear  to  belong  to  one  varfri 
ety,  and  the  3<1  and  4th  to  another.  As  no  marke 
were  found  to  distinguish  Ae  coal  of  one  locality 
fi-om  that  of  another,  the  whole  is,  of  nectnuity^  ta* 
koa  as  otte  sample. 


0.700 

l.'SOO 

(not  tried.) 

IS.  1 95 

20,255 

15.360 

9.050 

64.245 

69.590 
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ish-white  sh%ly  portions  Adberiugilo  mob  as  u«  mbre  fnlly  VtUiflfld.    It  is 
cemented  inlo  large  porous  masses. 

The  soot  collected  from  tho  flues  efUr  burning  this  coal  weighed  bat 

7.83  pounds  per  cubic  foot,  and  lost  by  eomplele'  iocineralioQ  55.6S  per 

cent.,  leaving  of  course  44.14  per  cont.  of  reddish-gtay:  asfa^.     The  total 

weight  of  soot  was  not  exactly  ascertained.     The  quantity  was  moderate. 

The  effect  of  the  clinker  from  tiii^  coal  in  impeding  the  draugiht,  and 

rendering  the  couibuUion  irregular,  will  be  understood  from  an  inspection 

of  the  tables  of  combustion,  iu  which  wide  dttferenoes  will  be  observed 

between  the  evaporation  at  one  period  and   that  at  another.     The  large 

proportion  of  clinker  to  the  total  waste  might  lead  us  to  expect  that  much 

reduced. .    This  is  confirmid  by  an  experitneitt 

:ed,  which  gave  1.5  percent,  of  sulphur. 

y  oxide  of  lead  resulted  in  giving  S8.137  times 

;  deducting  the  moisture  and  earthy  matter,  it 

power  of  the  unit  of  combu3lU>Le  matter  in  this 

s  described  afford  the  iblJowing  composition  for 


Moisture  .  .  .  - 

Sulphur  -  .  -  -  - 

Other  volatile  naatter     •  -  - 

Ashes    ..... 
Fixed  carbon      .... 

100.  100. 

Fixed  to  volatile  combustible  -     3.535  : 1  3.435 : 1 

Treated  with  scale  oxide  of  copper.  7.36  giaiosof  specimen  a,  well  dried, 
afforded  of  carbonic  acid  20.62  grains,  equivalent  to  5.6236  grains  of  car- 
bon; and  3.23  grains  of  water,  equivalent  to  Q.358S  gra^  of  hydrogen. 
The  ashes  are  15.762  per  cent,  of  the  dried  coal,  or  1.14'14  grain,  leaviug 
for  oxygen  and  azote  0.1332  grain.  Hence  the  combustible  matter  alone 
is  6.1156  grains;  and,  excluding  the  earthy  mattei,  the  several coiuiituents 
have  to  each  other  the  following  relations^  viz : 

Carbon  .-.._.        91.955 

Hydrogen       --....  5.887 

Oxygen  and  azole      ......  2.17S 

100. 

Of  this  comhwtihle  mailer,  if  the  healing  power  be  computed  from  that 
of  its  carbon  alone,  it  amounts  to  0.91955x12906=11868;  and  the  eeopo- 
ro/iwe  power  to  11868  —  1030=11.528. 

The  table  of  deductions  shows  that  the  ovaporative  power  of  1  of  com-' 
biiStibte  matter,  as  applied  to  the  boiler,  was,  on  en  average,  10.238.  If 
this  number  be  increased  by  adding  the  lieat  expended  6n  the  air  which 
supplied  the  furnace,  the  moisture  of  that  air  and  tho  water  generated  in 
combustion,  and  which  was  proved  in  tho  case  of  a  coal  oi  analogouJ 
f  roperltes  (that  from  Quin's  run)  to  have  been  12.8^3  per  cenL  as  much 
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.  as  was/ab^fbfe*  bjrihe' boiler;  ihirt  will  the  evaporative  power  of  the  unit 
of  combustible  matter  be  represented  by       -  -     11.550 

Whiles^  w^bofie^ that  ot  the  catlwh  is  -  -    1 1.528 

'     y       Difference      -  -  -:,..rv.  .wji    •    r      0.028=xtt^)^  P*'^- 

I      This  coal  was  tried,  tinder  my  direction,  both  in  {he  chain  cable  and  the 

anchor %bpps,l)eing,  by  the  kindn^  pfthe  master  i>lacTcsimth,  (Mr.  Tuck- 

er>)  placed  ila  each  shop  in  ihe  hands  of  cjne  of  the  most  skilfiil  snd  ewptert 

I      It  wftsrfound  to  come  rapklly  irtto  ion4)ustion^  and  to  ^fford  an  intense 

j  heat.    A-lairge  bolt,  which  Had  Just  before  been  brought  to  a  good  working 

j  heict  by  d&al  itt  ordinary  osc'in  theyatd,  \vus  by  th^  now  under  cotisidera- 

.  tion  brought  to  the  same  degree  of  heat  in  ten  minutes  less  time^  The  com- 

I  pactrtess  of  the  coking  mass  afipeared  to  be  sufficient  to  form  xi^ood  hoi- 

•  low  fire  for.ttrork'of  tlie  si;j;e  ,now  performed  by  iC     The  ciudi^r -Jakeii  out 

was  stated  tct  be.ofar  less  than  that  jgiren  by  coaJ  in  common  use  at  that 

:  time.     The  workman  stated  that  he  had  been  working  in  the  yard  for  six 

years,  and  that  thfs  was  tlie'best  coal,  for'the  work  he  was  then  engaged 

on,  which  he  had  used  in  ajl  ihat  tiani*    Twaptbir  workmen  tried  each  a 

small  portion  of  it,  and  both  commehded  it  vetv  highly. 

The'wiioke,  WhHe using  this  coal,  was  observed  io  i)e  far  le^  than  that 
from  a'ny  of  the  other  ^Ves  (of  which  §om6  ten  or  a  doz^n  wefe  in  action) 
using  tha  ordinary  cpal  of  the  yard.  The  only  faidt  is  the  lightness  of  the 
eoke,  wlich  reqirireji  th«  fire-d^  be  froquently  «  w;6tred  <iown/'  -  o 

In  the  chain  sho^i,  the  Workmen  spoke  pf  tbe  same  inconvenience  from 
'  lightness  of  the  coke.  fiu(,ona  smalt  chain  it  was  found  to  w^rk  well, 
I  giving  very  promptly  a  gooid  welding  ;heat,  without  interference.i  from  for- 
eign matter.  The  cinder  was  stated  to  be  about  half  as  rtnidh  :as  would 
he  obtaid^  in  the  same?  time  from  the  coal  iow  id  general  tise^  (the  Mid- 
lofbianl)  Fxeedom  from  smoke  was  here  r^ma^ked  upon  w^b  approbation 
by.  the  workmen>  and  was  very  consptcuoos  among  the  large  number  of 
raioky  fires  then  in  use  at  the  same  shPp.  '       -  -        '\    ■ 

■  *The-amo^nt  of  volatile  mratter  in  tins  coal  is  too  small  to  comqiend  it  for 
'  use  in  prOciirlng  illuminating  gas..      .  '_      I  j 

For  domestic  purposes,  it  may  be  employed,  in  open  grates  with  great  ad- 
,  rantage^^m  account  of  the -dear  combustion  of  it^  gaseous  products.        . 

The  accendibility  of  this  coal  does  not  appear  to  be  equal  to  that  of  some 
of  Itie  other  free-burning  claM-^it  having  i^uked  two  hours,:on  «a.  aver- 
age of  the  four  trials  to  bring  the  boiler  into  SMady  aetiotf.  By  a  like  avelr«> 
ajge,  it  also  appears  that  there  were  withdrawn  from  the  grate,  after  combus- 
tion hadceaised,  14.812  pounds  of  unburnt  coke. 

In  the  table  of  deductions,  following  those  of  the  experiments  on  evap- 
oration, it  will  be  observed,  that  though  the  weights  of  coal  actually  con- 
emmed  at  the  several  trials  were  very  different,  (being  in  one  case  1,271.25, 
and  in  another  only  331.25  pounds,)  yet  that  the  evaporative  effects  of  the 
pound  of  coal  are  all  very  near  each  other ;  a  circumstance  which  indicates 
Ihe  reliance  to  be  placed  on  the  method  of  determining  the  relative  heating 
powers  of  fuel  adopted  in  this  research.  Though  all  fine,  it  was  observed 
to  form  a  slightly  coherent  coke,  which,  on  being  broken  up  with  the  slice 
iron,  allows  a  free  passage  to  the  air,  and  favors  a  brisk  combustion. 
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TABI,E  XOVI.— CAMBRIA  COUN 
Firtt  trial  y  ifpfttr  flatnper  &  iaoke* 
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T¥'  (PETO^SVLVSNIA  )  COAL. 


RBM-tttra— «nfon(rftM  lft.3»*«wt  bat,'  lauth  «tf  ^ 
di^  tfhfBkd  guctf  If  I  feM,  btgU  of  tbiniMr  41  bat. 


Water  iii'baileradjMa]. 

ComnNiiiced  Sringi  filled  tank  U  7i.  tOn.  ■.  m. 
'Wood  anmnttli  Mt.Sfi  itn- « «onuiMK«d  tftwging  with 
cnali  Meun  at  eqnilibiinni. 


Filled  lank  U  4A,  l&m.  i 


etoMA  iii' jxtrt,- iuri- n^toi)' 41t]aedatilip«r. " ' 
Water  in  braier  adjiuted. 


RESIDUA. 

CimkCT        ---.-•....    49.75 

*■•»• S8.B0 

Aibe«  behind  bridge  ----'-..._      s.qq 

105.  SG 


TABLE  XCVH.— CAHBRiA  COUN 

Second  trial — upper  damper  IS  infhf* 


Pttiod  of  rtcsdj  Ktion,  liom  SA.  4fin.,  when  the  4th  chu^  had  kII  bMn  placed  on  the  grMt, 
to  6A.  SGm.  p.  BL,  when  the  Sth  ind  l)pt  chuge  wu  kll  on  =  U.  Mm, 4  omI  rapplicd  to  fnle 
MG.UHmj  witerloboUer,  4,inoibhiW«lBrto  laf  cmI.  B'91B. 


W7 


i 

If 

r 

1 

i.». 

- 

.89 
101 

103 

—16 
+  * 
,.     10 

u 
-  n 

83 
31 

0.800 
I.IU 
1.774 

ConiDWu»*6rit.B,flll«J»nk«t'BA.4&n.t  m. 
nniiced  cfaarging  Mtli  ood. - 

It.U 
«.10 
1.10 
S.45 

9« 
190 
173. 
198 

softs 

«3ft6 
>30.S 

S6«. 

S60.6 

.-■•■":                              .1 

4.00 

fi.00 

ABB 

41' 

80 

4« 

3.743 
1.996 

D.SM 

8.7661 

34  houi«,  weighed  <7  Ra.  »}  ok.             i 

The  7th  Bhd  8tb  ctnrgM  ooDtun  rame  af  ClM  coke  left  from 

Irt  trial,  which  M«Ount»  for  their  1»»  weight  than  thai 
of  the  MbCT  ohargM. 

; 

«7 
UO 

U 
•-44 

. 

No  >mak«  .(«c»t>t  «4un  A«smg  ud  itoUiig)  Tuibte  U 
dunmq-lop. 

Aibobehinii  Mdge  ' 

IMmci  wood  ub«  , 

Tatalw 

Ctb  ■ 


s.o« 

78.78 


7»-8e 
lOM 


[■W8J 
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TABUS  XCTlMx^J^MBRXA  CCXfH 
Third  trkd-'-^tfpir'dmtperliiittam 


t-BktA 


'  t 


Api.  25 


I. 


Ajpr.  it 


— L-t, 


tmvr* 


A.    X. 

6.46 
9.00 


9.45 
10.15 
11.00 
11.25 

11.45 

9k    M. 

0.35 
1.10 
1  45 
it.30 
3.00 
3.80 
44M» 
4.30 
5.00 
5.30 
6.00 
6.40 
7.20 
7  50 
8.20 
8.50 
9.20 
9.50 
10.30 

A.    K. 

5.30' 


TSXPKRATUBK8  0?  TBB 


09 

65 
66 


68 
70 
70 
70 

70 

70.^5 

71 

71 

72 

73 

73 

73  i 

74 

76 

74 

73 

70 

69 

69 

69.5 

«9 

69 

69 

68 


60 


a 


O 


to 


1«4  9#0  68 


186 


182 
202 
234 
254 

262 


au 


188  M468 


266 
264 


I 


68 


2105 
686 
226 


68 
68 


27468 
278  68 


272 


4W6  258 


66 

70 
70 


274 
270t7l 


298 
304 
626  272171 


340  270  72 

352  262  ;71 

878  J52;71 

382  258,71 

368  268  72 

378  254^0 

390  268:69 

460  772*68 


406 
416 
422 
434 
440 
434 
428 


280 


28470 
276|70 
292  j70 
282  70 


284 
296 

287 


212 


70 
70 
70. 


228 
229 
229 
229 

229 

229 

230 

228 

229 

^tM 

229 

229 

2»9 

229 

280 

230 

229 

280 

229.5 

230 

229.5 

229.5 

230 

230 


71 


29.95 

-  ('29.95 

29.95 


0.159-46.6010.20 
0.20 


0.173 


« 


29.97 
29.95 
29x94 
29;64I 

29  92 

29^1 
29.91 
i29.lia 
29.89 
20.89 
29.89 
^"20. 89 
29.88 
29.88 
^9.88 
2#88 
29.86 
2986 
29.86 
29.86 
29.87 
29.89 
29.90 
29.92 


200 


29.90 


0.183 
0.166 

o.m 

0.176 

0.176 

0.179 
0.1 76 
0.180 
0.177 

D.iya 

0.170 
0.178 
0.170 
0.176 
0.178 
0.175 
0.175 
0.180 
0.169 
0.177 
0.175 
0.177 
0.177 
0.177 


8.86 


8.76J 
8.76 


0.20 
16.^ 


8.80  ^20 


8.82 

8.82 

8.60 
8.  $2 
8.78 
8.*2 
8.66 
8.68 
8.66 
8.69 

8.86 
8.64 
1884 
8.80 
8.91 
.8.82 
8.84 
8.82 
8.82 
8.82 


o;2o 


0.140 


9.12 


0.20 

O.tO 
Ot^ 
8.18 
0.18 
10.  IS 
0.20 
WtO 
0.18 
0.20 
0.20 
0.20 
0.20 
0.22 
0.21 
0.20 
0.20 
Q.21 
0.2D 
0.21 


n 

2l 


155 

475 

1055 

1455 


Q,h 


■■ti  1 1 1 


1795 

2215 
2665 
2665 
3485 
3900 
4325 
4825 
4570 
5830 
5585 
5585 
6185 
6185 
6435 
6765 
7495 
8147 
8395 
8873 


105.25 

107175 
lOttOO 


10480 


&fea»5 

(64^ 
£63900 
118.00 
106.60 

lOSlX) 
106.60 

100.^ 
113.S5 


f-L* 


i*<  QPbriod  of  steady  action,  from  11  A.  25m.  a.  m.  4o  lOA.  60m.  p.-  m.->l^.  5iii.f  coal  soppM^ 
gratHn  that  time,  968.25  lbs.;  water  to  boiler,  7,418  Iba.;  water  to  1  of  ooaU  7.661. 
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TY  (PENNSYLVANIA)  COAL. 
open;  air  plates  7  row?*  <yten. 


-  - 


f 


I 


A.  nib 

-8.45 

10.U 
11.25 


0.35 
•i;45 
3.00 
-4.00 
^.00 

6.  SO 
7.60 


^.00 


'!«# 


< 


123 
128 
122 


(. 


114 

188 

M64 

184 

192 

215;5 

d27 

488' 

254 
f  267 

279 

305 
^808 

202 

304 

317  • 

830 

387 

347 

352.5 
J6«5 

371 

3«0 


—  5 

+84 
18 

88 
85 
45 
49 


220 


43 

29 
44 

41 

48 

4! 

88 

23 
^  29 

39 

24 
•88 

48 

54 

46.5 

62 

i^ 

54.5 
«6.:, 
57, 


12 


I, 


Mi 


■** 


0  578 
1.695 
1.695 
2.548 


2-702 

1-3^ 
2.048 

1.629 
2.198 

K125 
0.649 
4.026 
1.351 


1.824 
1.748 

.9(57 
3.^4 

1,900. 


Commenced  firing. 

Wood  opnffimvBd,  198.|klb0.|  Rteam  at  p^w]9)riim;  .p«ii- 
menced  chafging  with  c4al ;  temperature  of  gas  in 
chlimi^  taken  at  lower iiae  a(  t^^ael)  atoani  blowa  off 
at  9i^.,  trheti'  the  lower  damper  was  cldiwd|  and  the 
upper  one  opened  M  12;indie84  air  jplftet  i|l80<  opened. 


Tank  partly  £11^. 


5.L-3 


REMAKKS.-^Grat&eiii&ee  14«89<B9Qare  ieeti  l^^^g^  <^ 
eireidt  of  hotted,  gaeetf  ISl: /eet^Jiflliiht  of  ehhnney  41 
feet. 


Tilled  tioik. 


The  cool  in  dr^faig^  fiipparfttatf  w6ig^  27  the.  5  ec 


Ftne^  tank. 


) 
I     I 


'  * 


i"  I 


1   >     -       H-  ' 


'{ 


Water  in  boiler  adjusted. 


1 1 


Clinker      - 

Aihefl 

Adies  behind  bridge 

Total  clinker  and  aahee 
Deduct  wood  aahee- 


Tolal  .waste  from  coal 
Coke 


RESIDUA. 


Pounds. 
50.26 


59 


.50 
8.23 


112.98 
0.694 

112.886 

18.00 


:[  396;;]  300 

TADLfi  XCIX,— CAMBRIA  COUN 
Fourth  trial — upper  damper  S  inches  open  ;  air  plates  closed; 


Period  of  Btoadj  action,  from  ZA.  i6m.  p-  m.  to  5A.  p.  m-vSA.  46nt.i  coal  nippIM  to  ^■■'^        | 
SIB  Om.;  wain  t«  InmIh,  l.BOO  lt«.;  iraler  U>  1  of  coal,  8.637. 

Tlik  «omputat!on  of  the  period  of  rtead;  action  is,  bowern',  UaUe  tn  aotne  nnccrtatiitr,  bom  the 
■nan  Mnonat  of  coal  left  for  thi*  eiperiment,  and  the  conKqcmt  abortiiMi  of  time  allotted  lo  lb* 
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TY  (PENNSYLVANIA)  COAL. 

sleam  thrown  into  chimnty,  and  small  furnace  in  action. 


C3««] 


i 


} 


I 

■g 


•  "Is. 

I 


&.  fit. 


0.45 


115 


1.86 
155 


^^ 


sis 


Sfafi 


2-3 

5 


i 

Is 


S>^E, 


39.7 
33.3 


33.8 

36.6 
34.8 

33.3 
35.1 
35.1 
35.1 
35.1 
36.6 

36.6 
35.0 

36.0 

37.0 


88 
94 
91 


REMARKS.— Orftte  suiiac*  14.07  fl^owe  feot;  length  of 
circuit  of  heated  gates  121  ieet^  height  of  chimney  63  feet 


94 
99 

104 
112 
120 
122 
180 
136 


—37 
—15 

11 
32 


0.439 

2.214 
0.619 


46 
37 
41 
47 
52 
42 


2.193 
1.684 
1.324 
1.801 
1.753 
1.680 


138  I       10 
142     —  9 


168 
110 


—33 
— 32 


0.826 


Commencod  firing;  email  Aimaoe  isx  action^  filled  tank. 

Wood  conFumedf   198  lbs.;   commeQced  charging  with 

coal;  wind  S£.,  liglit 
Damper  set  at  8  inchcfi  at  \h.  15/n.  p.  m.;  steam  eeci^Md 

at  Oh.  53m.  p.  m. 
Smoke  appears  at  chimney  top,  of  a  hiowni«h  color,  (or, 

about  1  \  minute  afler  stoking. 


Contents  of  ash  pit  thrown  on  grate. 


Dampers  of  the  ilue  and  small  furnace  closed;  valves  douMo 

weighted. 
Water  0. 1  inch  below  norma!  level,  as  at  commenoeimU 

of  charging  with  coal;  experiment  terminated. 
Water  in  boiler  requires  no  adjustment 


RESIDUA.  ' 

Poundi* 
Clinker  -  -  -  *  -  -  -  ...  .     6.75 

Aihes  -,...-...-  29.50 

Aibcs  behiiK]  bridge      -  -.-  -  *  -  -  -  -     1.00 

36.25 
Dedoct  wood  ashes       -.------.     0.6O8 

Total  waste  from  coal  -  -  -  -  -  -^-  -  -  35.643 

Coke  ..-.►-.....     9.60 

S«)t 1.00 
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TABLE  C— DEDUCTIONS  FROM 

Experiments  on  Cambria 


Nature  of  the  data  famished  by  the  respective  tables. 


1 
3 
3 

4 
5 
6 
7 
8 
9 

10 
11 


14- 

15 

16 

17 

18 

19 

30 
31 
32 

23 
34 


Total  duration  of  the  experiment,  in  hours 

Duration  of  steady  action,  in  hours 

Area  of  grate,  in  square  feet  .... 

Area  of  heated  sur&ce  of  b<Hler,  in  square  feet 
Area  of  boiler  exposed  to  direct  radiation,  in  square  foet 
Number  of  chtrges  of  coal  supplied  to  grate  -^ 

Total  weiofht  of  coal  supplied  to  grate,  in  pouiuls    - 
Pounds  of  coal  actually  consumed  -  -  -  - 

Pounds  of  co^  withdrawn  and  separated  after  trial  - 
Mean  weight,*  in  pounds,  of  1  cubic  foot  of  coal 
Pounds  of  coal  supplied  pci;  hour,  during  steady  action 
13  I  Pounds  of  coal  per  square  foot  of  grate  surface,  per  hour 
13  I  Total  waste,  ashes  and  clinker,  from  100  pounds  of  coal 
•Pounds  of  clinker  tilone,  from  100  pounds  of  coal   - 
Ratio  of  clinker  to  the  total  waste,  per  cent. 
Total  pounds  of  water  supplied  to  the  boiler 
Mean  temperature  of  water,  in  degrees  Fahrenheit  - 
Pounds  of  water  supplied  at  end  of  experiment,  to  restore  level 
Deduction  for  temperature  of  water  suppUed  at  the  end  of  ex- 
periment, in  pounds        -  -  -  -  . 

Pounds  of  water  evaporated  per  hour,  during  steady  action  - 
Cubic  feet  of  water  per  hour,  during  steady  action  - 
Pqynds  of  water  per  square  foot  of  heated  surface  per  hour, 

by  one  calculation  -  -  -  .  . 

JHHinds  of  water  per  sq.  ft.,  by  a  mean  of  several  observations 

Water  evaporated  by  1  of  coal,  from  initial  temp.',  (a)  final  result 

35* |- Water  evaporated  by  1  of  coal,  from  initial  temp.,  (b)  during 

steady  action       ------ 

Pounds  of  fuel  evaporating  I  cubic  foot  of  water 
Mean  temperature  of  air  entering  below- ash  pit,  during  steady 
pressure  -_-..- 

Mean  temp,  of  wet  bulb  thermometer,  during  steady  pressure 
Meatt  temperature  of  air,  on  arriving  at  the  grate     - 
Moan  temperature  of  gases,  when  arriving  at  the  chimney    - 
Mean  temperature  of  »team  in  the  boiler      -  -  - 

^  Moan  temperature  of  attached  thermometer  -       -     - 
Mean  height  of  barometer,  in  inches  -  -  . 

MiHMi  number  of  volumes  of  air  in  manometer 
Mean  height  of  mercury  in  manometer         -  -  - 

Mcun  height  of  water  in  syjihon  draus^^^  gauge,  in  inches    - 

37  1  Mean  temiwrature  of  dew  point,  by  calculation 

38  4  Mean  gain  of  temperature"  by  the  air,  before  reaching  grate   - 

39  .Mean  diueronco  Wtween  steam  and  escaping  ga^cs   - 

40  J  Water  to  1  of  coal,  corrected  for  temperature  of  water  in  cistern 
Wati'r  to  1  of  coal,  from  212°,  corrected  for  temperature  of 

water  in  cistern  ------ 

Pounds  of  viatcr,  from  213°,  to  1  cubic  foot  of  coal 

Water,  from  212°,  to  1  lb.  of  combustible  matter  of  the  fuel 

Mean  pressure,  in  atmosplierea,  above  a  vacuum 

Mean  pressure,  in  pounds  per  square  inch,  above  atmosphere 

Condition  of  the  air  plates  at  the  furnace*  bridge 

Inches  opening  of  damper,  (U.  upper)        -  -  - 


l«t  Trial. 

2d  Trial. 

(Tab.  XCVI.) 

(Tab.xcrn.) 

AprU^O. 

April  ^A.. 

33.50 

34.5 

7.36 

3.838 

1635 

14.89 

3776 

377.6 

21.66 

19.86 

10.0 

8.0 

108  K76 

836.0 

26 
27 

28 
29 
80 
31 
32 
33 
34 
35 
36 


•t 


\ 


41 

42 
43 
44 
46 
46 
47 


1 


lOGO.O 
21.75 
64.0875 
103,27 
6.356 
9.921 
4.6594 
4Q.962 
8390.0  . 
63*^.5 
791.0 

115.0 

744.82 
11.917 

1.9731 
2.127 
7.806 

7.212 
8.0067 

5%°.  19 

388°.  625 
297°.  875 
239°.  69 
66°.  0^ 
30.17 
8.6394 
0.195 
0.2325 

230°.435 

■   68°.  186 

7.806 

9.0073 
487.17 
9.9992 
1.4416 
6.6198 
Removed. 
U.     8 


826  0 
10.0 
52.26 
131.81 
8863 
9.489 
3.3153 
35.094 
7236-0 
jB5°.4 
1133.0 

f 

166.0 

L048  78 
16.77 

3.778 

3.709 

.8.558 

.9.919 
7.303 

O  r;r^ 


71°.55 

370°.  0 
260°.«9 
228°.66 
69<>.0 
29  825 
8.8255 
0.176 
0.20S 

198°.45 
32°.  23 
8.628 

9.7428 
509.06 
10  7643 
1.45!8 
6  3307 
Open,  (7  rowB.) 
U.       13 


3da 

TABLES  XCVI;XCVII,  XCVIII,  XCIX, 
county  {PeHtuyivaMa}  coal. 


[  38«  3 


3d  Trial. 

4th  Trial. 

Averages. 

{Tab.XCVULy 

(To^.jrciro 

November  15. 

April  25. 

220 

9.30 

11.0633  ' 

2.75 

14.$9  . 

14  07    . 

. 

377.5 

377.5 

• 

19.85 

18.75 

12.0 

8.33 

1289.25 

340.75 

1271.25 

331.25 

18.0 

9.5 

53.718 

60.75 

52.7014 

87.361 

79.27 

100  428 

f.8,r7 

5.634 

6.677 

8.84 

10.76 

9.7525 

3.9324 

1.9985 

3.4764 

48.867 

18.574 

36.124 

10480.0 

2574.0 

69°.  7 

440.0 

1607  0 

0.0 

- 

218.0 

6.0 

869.295 

654.5 

779.349 

10.708 

10.47 

12.466 

1.991 

1.734 

2.1U) 

1.971 

1.739 

8.072 

7.7t 

8.0515 

7.661 

8  257 

8.262 

7.7428 

8.0438^ 

7.7741 

70®.  83 

52^.67 

m. 

46*0 

• 

3460.50 

1740.0 

269*».78,1 

272°.  21 

2550,5 

2710.619 

229^31 

»3»o.ie 

70°.  0 

40°.  96     * 

- 

29.8975 

30.268  . 

8.8306 

5.069   ■ 

1 

0.1756 

0.551 

0.1985 

0.3233 

0.2406. 

.. 

350. 13 

yr5«>.67 

2210.83 

206O.471 

420.9 

.    .   230.34 

4lo.g64 

8.0606 

7.77 

8.0411 

• 

9.1742 

0.0374 

9.i404 

492.82 

458.65 

486.925 

10.0639 

10. 127 

10.2386 

1.4285 

1.4074 

1.4263 

6.3278 

6.017 

6.2963 

<>P«.  (7  rowi.) 

Closed. 

U.    12 

U.     8 

ii  ii 


Kemarks. 


The  fourth  experiment  haviDg  been  tenninated  on 
the  8aia»  d^  on  wtath.  4t  vnm  eommenced,  and 
the  water  level  in  the  boiler  finally  adjusted,  no. 
water  was  addcnl  after  the  temperature  had  fidlen 
beldw  its  usual  height;  anA,  eonsequently,  no  de- 
duction for  temperature  of  water  to  restore  level  is 
required. 


The  height  of  the  chimney  having  been  increased 
from  41  to  63  feet,  previous  to  the  4th  trial,  will 
account  for  the  greater  draught,  as  indicated  by  the 
syphon,  in  that,  than  in  the  three  preceding  trials. 


mmi 
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Remarks  on  the  preceding  synoptical  table. 

In  reference  to  density,  the  above  table  proves  that  the  mean  weight  per  cubic  loot  of  the  six 
<mmple«  from  Maryland  is  53.137,  and  that  of  the  six  from  Pennsylvania  52.551  pounds;  or  the 
average  of  the  whole  is  53.844.  This  is  0.506  pound  less  than  the  average  weight  of  eight  samples 
of  anthracite,  as  seen  above,  at  page  181.    The  space  for  the  stowage  of  one  ton  is  42.4  cubic  feet. 

The  average  evaporation  of  water  per  cubic  ibot  df  coal  from  212°,  by  eleven  samples  of  the  free- 
bamiiig  bituminous  class,  is  510.35  pounds;  while  the  average  for  eight  samples  of  anthracite,  as 
ff«en  in  page  180,  is  509.93.  In  regard,  therefore,  to  this  property,  the  two  classes  may  be  con- 
jsidered,  to  all  intents  and  purposes,  identical. 

The  average  number  of  cubic  feet  of  water  supplied  to  the  boiler  per  hour,  while  testing  the  five- 
burning  coals,  is  shown  in  the  last  column  bgt  one,  on  page  305,  to  have  been  13. 7*i<6;. while  f^opi 
the  corresponding  column  of  page  179,  it  will  be  seen  that  the  average  for  eight  samples  of  anthracite 
^wa«  12.003  cubic  feet,  showing  a  difTercncc  in  favor  of  the  free-burning  class  of  1.723  -^  12.003  =» 
14.35  per  cent  When  compered,  however,  with  the  two  samples  of  artificial  coke,  as  ^iven  with 
the  anthracites,  at  the  page  last  cited,  and  of  which  the  mean  evaporation  was  15.708  cubic  feet  per 
hour,  even  the  free-burning  cook  are  seen  to  be  inferior  to  the  cokes.  Thus  15.708 — 13.726  — 
1.982  cubic  feet,  which  is  14.44  per  cent,  of  the  rate  of  evaporation  by  the  coals.  This  circum- 
ptanoe  justifies  the  use  of  coke  in  locomotive  boilers,  in  preference  to  aiiy  other  fuel,  where  the  price 
does  not  interfere  to  prevent  it. 

The  superior  rapidity  of  action  by  coke  is  explicable  from  the  known  feet  of  its  porous  texture, 
^nd  the  rndy  admission  of  air  to  a  vast  extent  of  surfeoe  iiroombutftion«~reiezxibli(ig,  in  this  respect, 
the  cells  in  the  lungs  of  animals,  which  are  so  admirably  fi^le^  to  expose  large  suifeces  for  the  rapid 
absorption  of  oxygen  in  the  analogous  process  of  respiration.  Coals  which  contain  considerable 
quantities  of  vaporizable  incombustible  matter,  such  as  water  and  salts  of  ammonia,  or  earthy  and 
other  carbonates  decomposible  by  heat,  are  constantly  generating,  while  in  combustion,  substances 
which  not  only,  when  in  contact  with  the  ftiel,  interfere  with  mpid  comba^ion,  but  in  the  flues  occupy 
the  space  which  would  otherwise  be  \ei\  for  the  true  products  of  comjiiafitien  to  escape  with  more 
eaae  and  rapidity. 

Having  exhibited,  in  respect  to  the  anthracites,  the  steam-generating  and  the  lead-reducing  power 
of  the  unit  of  combustible  matter  of  fach  sample  in  parallel  columns,  I  may  here. arrange  fie  frce- 
Hiraing  coals  in  reference  to  the  same  sets  of  results.  ,  They  stand  as  follovm: 


1 
2 

3 

4 
5 
6 

I 

9 
10 
11 


Coals. 


Steam  lo  1  of 
coml>us:ible. 


Lead  reduced  lo 
1  of  combusUUe. 


Atkinson  &  Templeman's  -  -  - 

Quin's  run     -            -  -  -  - 
IVew  YoA  and  Maryland  Mining  Company    • 

Dauphin  and  Susquehanna  -  -  - 

EaAy  A;  Smith's       -  -  -  * 

3kM>uils      -.  - 

Easby's  "CoaHn-Sure**'    "  - 

'  Ljrcoming  creek          -     '  -  -    * 

NeTs            -            -  --  -  - 

Cambria  county  -    . 

Karthaus        .            -  -  -  - 

Mean     .  -  -  ^ 

Mean  for  the  anthracites  (page  181) 


11.624 
11.275 
11.208 
11.171 
11.034 
10.956 
)0.d35 
10.734 
10.604 
10.23d 
9.887 


10.877 


10.637 


30.060 
30.902 
30.831 
31.183 
ddwOlO 
32.542 
82.^5 
32.991 
30,717 
31.464 
33.309 


31.736 


32.617 


In  examining  the  right-hand  column,  or  reductive  powers,  of  the  above  table,  we  perceive  that 
the  numbers  do  not  conform,  or  even  approach,  to  the  order  of  those  expressing  the  evaporative 
powers^  but  rather  tend  to  the  reverse  order;  and  this  is  true  whether  we  compare  the  free-burning 
coab  among  themselves  or  their  whole  class  with  Ihat  of  the  anthracites. 

In  confirmation  of  the  general  feet  that  anthracites  exhibit  a  higher  reductive  power  than  any  of 
the  bituminous  class,  I  may  cite  the  experiments  of  M.  Baudin,*  who  found  the  mean  reductive 
power  fA  the  combuaable  matter  of  the  anthracites  of  Charbonnier,  (Biassac,)  Messeix,  (Haute 
Dordogne,)  and  Chambled,  (Commentry,)  to  be  33.52,  which  is  between  the  results  that  I  ob- 
tained  for  the  Lackawanna  and  Peach  Mountain  anthracites;  and  for  three  different  free-burning 
hiluminous  coals,  (those  of  Lacombelle,  Deux  Chaises,  and  Les  Barthes,)  varj-ing  in  volatile  matter 
from  17.7  to  20.2  per  cent,  he  obtained  a  mean  reductive  power  of  31.393. 


•  Annales  des  Mines,  torn.  1,  4me  serie,  1842,  pp.  87,  90,  92,  94. 
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CLASS  III 


BlrtTMINOUS  CAKING  COALS   FROM   THE    EASTERN   COAX.  FIELD  OF    VXaOItfU; 

IN  THE  NEIGHBORHOOD  OF  RICHMOND. 


SAMPLES. 

No.  1.  Barr's  Deep  Run. 

2.  Crouch  &  Snesid's. 

3.  Midlothian  900  feet  shaft,  (average.) 

4.  Creek  Company's. 

5.  Clover  Hill. 

6.  Chesterfield  Mining  Company's. 

7.  Midlothian  average, 

8.  Tippecanoe. 

9.  Midlothian  "  new  shaft.'' 

10.  Midlothian  screened. 

11.  Midlothian,  (navy  yard,  Washington.) 


General  characters. 

The  range  of  specific  gravities  in  this  class  is  nearly  the  same  as  in  that 
of  the  free-buining  coals;  but  the  average  is  rather  less.  The  average 
weight  per  cubic  foot  is  also  less  by  about  3.5  pounds.  These  coals  barn 
with  a  long  flame  and  much  smoke — giving  an  intumescent,  coherent  coke, 
preserving  nothing  of  the  original  form  of  the  coal. 


(....> 


309  [  386  2 

No.  1. 

lous  coal  from  Deep  Sun  mines,  in  the  neighborhood  of  fUeh-' 
mondy  Virginiaj  sent  for  trial  by  John  Barry  Esq. 

apanyiiig  this  sample  was  the  ibilowing  letter  from  the  proprietor : 

"  Richmond,  October  10,  1843. 

AR  Sir:  Having  been  informed,  through  J.  R.  Anderson,  Esq.,  that 

donly  a  small  portion  of  the  sample  of  coal  sent  by  me  to  the  navy 

^me  time  ago,  I  now  beg  leave  to  hand  you  annexed  bill  of  lading 

ir  hogsheads  of  Deep  Run  coal,  shipped  per  thfe  schooner  Wro.  H. 

in,  on  which  I  have  paid  the  freight. 

t>X\  wilt  confer  a  favor  by  testing  its  qualities ;  and  I  should  be  glad  \t 
»bul€t'itiform  me  of  the  result  at  your  convenience, 

•   '     «  Respectfully,  your  obedient  sertant,  i 

f*JOHN  BARRy 
"perJ,  J.  VAUGHAN. 
*ft)fessdr  Johnson, 

'  ^  Navy  Yard,  Washingiony 

fides  the  four  hogsh^^ds  of  the  coal  mentioned  above,  a  single  hqfs- 

,  left  fronia  sample  previously  received  at  the  yard>  was  included  i^ 

tho  sample. iried  for.evaporative  power,  and  its  effect  is  given  in  the  ta^lje, 

of  ihe  fifth  trial.  V       .-     j 

The  exterw  characters  of  the  Deep  Run  coal  are  a  jet-black  color  «pd 
shining  surfaoe,  particularly  iu  the  main  partings.     The  distinctness  /Ofj 
these,  and  their  neariiessto  each  other,  give  the  coal  the  appearance  of  be^v. 
ing  foliated. 

In  th^s,  as  in  several  of  ilie  bituminous  coals  of  Pennsylvania,  the  ntfiu 
partings  are  at  an  angle  of  85^  with  the  surfaces  of  deposition.  The  fa*. 
cility  with  which  the  coal  separates  at  the  nir*in  partings,  causes  it  to  lall^ 
mostly  into  small  pieces;  and  this  circumstance  gives  the  average  weight 
per  cubic  foot  probably  somewhat  higher  than  it  would  have  b^en  haS%e 
whole  been  in  the  state  of  lumps,  'the  cross  partings  give  rather  irre^iiiar 
surfaces;  but-there  is  a  general  tendency  to  form  rhombic  prisms.  "'! 

The  specific  gravity  of  two  speciniens,  a  aud  i,  .was  1.4023  and  1.3623; 
from  the  mean  ot  which,  the  weight  of  a  cubic  foot  of  solid  coal  is  86.41 
pounds. 

During  the  experiments  on  evaporation,  4S  charges,  of  2  cubic  feet  eacli, 
gave,  as  the  mean  weight  per  cubic  foot,  53.174  pounds.  Hence  tlie  actual 
ireighi,*ln  }he  condition  in  which  the  coal  was  received,  is  a 6153  •flhe 
calculated  weight  from  specific  gravity.  The  space  require  for  li  ton  is 
42;iw  wTbirfeet.  /t 

The  ib6i«ture  expelled  in  drying  portions  of  the  two  specimen^  was;£w 
aO.75,  and  f6r  &  0.5.  Iiv  the  steaming  apparatus  at  the  navy  yardy.fii 
poundik>stiH'foar  days  8  ounc€»,on  l.TftS'pefr  cenL     ,     ;      '      s  ;.  i  .:J 

Tho  fokitHa  ihatter,  dtherr  than  rooistkire,iaroan  specimen  r;.  was  IfkBlmA 
from  b  19.2.  The  earthv  matter  kif/ii^iras  i4.dl9^8nd  tbatiniotdijr>6.0B#i 
HeMethjb '-fixed carbon  m  niB  nLlSi^  and  in  b  75.014.  .  Volatiiaio  iaXed 
combusirblei  t3.3pt,  and!  :  S.^lT."  u!  *n  jj.      •/;,'£ 

Be9td05  4he  preceding  anatysos,^n*experiment  was. miole  on  atom  foitja 


L     - 
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fragments  from  as  ipany  different  specimens  of  the  coal,  (some  from  eac;: 
ca£rii>)  Which  gave  the  foUowiog  result:  ^         . 

Moisture            -             -             -             •             -             -  0.628 

Other  volatile  matter     -----  19.782 

Earthy  matter  -.-.-.  11.46$ 

Fixed  carbon    ----..  68.122 


100, 


Hence  it  appears  that  the  fixed  is  to  the  volatile  combiistible  as 
68.12^,:  19.782=3.443 :  1.  .  . 

The  coke  of  this  coal,  when  produced  rapidly,  is  intuniescieiH ;  and  the 
Veasel  in  which  the  coking  process  is  performed  is  represented  by  a  cast 
which  fills  the  interior  ;  and  the  mass,  on  being  cut  through,  exiiibits  di% 
tinct  concentric  layers,  indicating  a  succession  of  stages  in  the  process  of 
•cokiiigp..  The  vacant  spaces  between  the  concentric  shells  are  lessinamount 
than  the  solid  parts  of  the  mass. 

The  ashes,  from  analysis,  vary  in  color  from  yellowish  white  to  nwirly 
flesh-red ;  those  from  the  mixture  of  forty  fragments  are  of  a  very  light 
fawn  color. 

*  During  the  five  trials  on  evaporation,  there  were  burned  5,072.75  pounds 
df  this  coal ;  and  the  total  waste  from  the  furnace  in  the  state?  of  ashes  was 
SI  9. 39,  atid  in  clinker  244  pounds.  From  the  flues  were  obtained  21.5 
pounds  of  soot. 

TTie  ashes  gave  by  reincineration  12.1  per  cent,  of  combustible  matter, 
the  clinker  0.873,  and  the  soot  54.71  percent.  This  reduces  the  total  in- 
combustible residuum  from  all  these  sources  to  531.35  pounds,  or  10.475 
per  cent  of  the  coal  burned. 

The  following  may,  therefore,  represent  the  proximate  constituents  of 
this  sample  by  the  large  analysis  actually  carried  on,  in  part,  in  the  fur- 
nace, viz ; 

Moisture,  by  drying  2S  pounds        -  -  •*    1.7S5  per  cent. 

Other  volatile  matter,  from  40  specimens  -  -  19.782        " 

fiarthy  matter,  from  5,072.75  pounds  -  -  10.475        " 

Fixed  carbon,  by  difference  -  -  -  G7.95S 


a 


100. 


Which  gives  the  volatile  to  the  fixed  combustible  1  r'3.4354. 

'  The  ashes  weigh  44.86,  the  clinker  33.5,  and  the  soot  l2.23:pomwkp^ 
eiibie  foot  The  clinker  is  in  large  black  porous  masses,  evincing  mudi 
fusibility,  glazing  and  incrusting  the  shaly  and  other  foreign  matter  rmxed 
witb  it.  It  manifests  some  tendency,  to  spread  out  into  sheets,  but  does  not 
attach  itself  with  any  considerable  force  to  the  grate  bars.  When  puhrer- 
ized  and  completely  calcined,  its  color  becomes  a  dark  brown,  while  the 
f ettdtium  from  the  ashes  is  af  a  red  gray,  and  thett  from  the  aoot  a  Ugbter 
red,  nearly  approaching  to  fa wn-colorei  ^.   ' 

!  Atrial  of  specimen  6  with  oxide  of  lead  resulted  in  reducing  24,94  times 
its  weight  of  metallic  lead.  This,  after  deducting  earthy  matter  sttii  mois- 
Cute,  dhows  the  combustible  ingredients  to  possess  a  reducing  p^wer  of 
26.416.    Quantity  of  coal  essayed,  20  grains. 


au 


J  .f 


Fearing  thetej  migju  be  some  source  of  error  in  the  preceding  trial,  I 
took  a' portion  bt  the  niixUire  of  40  specimens,  performed  the  experiment 
with  caution^  and  obtained  24,6^  ^t^es,  its  weight  .of  lead*    Goal  used,  10 
grains;  lead  to  I  of  combiistibleV 28.007.  * 

In  the  ciiain  shop,  this  coal  burned  with  a  long  fiame,  with  no  extraor-* 
dinaiy  amenmt  of  smoke, gave  a  lively  hettt,ftnd  was  pretty  well  adapted 
to  making  chain-    Sixty  pounds-of  it  put  in  eight  links  of ;l|f4iich  chain. 
The  coke  is  light,  and  rather  difficult^  to  be  kept  m  place  befoze  a  stirong 
blaiSt.  *  ^^ 

In  the  Toridinary  smith  WdOrk,  te  which  it  was  applied  iti  the  aiichor  shop, 
it  was  found  '^a  strong  coal,^'  making  a  hollow  fire,  which  stood  a  long 
time.',  ^ 

The  amount ot  volatile'^atter  is  insiifficient.  to  render  this  a_5uitable_ 
coal  for  gas-making  purposes.     For  domestic  applications  it  possesses  the 
quality  of  giving  a  lively  fire,  with  much  less  smoke  than  most  othier  sBim- 
ple8-from4he  Virginia  coal  field  to  which  it  belongs,    i      . .  o 

The  accendibility  of  the  coal  is  indicated  by  the  lengths  of  time  taken  to 
bring  the  boiler  to  steady  action,  which,  in  the  several  trials,  were  as  fol- 
lows :        .  ;  ,....;       ^     . 

First  trial    -  •  -  -  -  -  ..  l,416hour. 

'Second  trial  -  -  .-         •  ■-    1.700    « 

Third  trial  -  -  -  -  '  -  -     1.400    « 

Fomrth  trial  *         ,   -  ....  . .     1.5BS    ^'  / 

Fifth  trial    -  -  -  -  *-         -     1.500    «: 


Mean  -  -  -  -  -  -    "1.520  '<«' 

-oar  1  hour.and  31  mittutes.  r 

The  mean  weight  of  coke  left  after  eaeh  trial,  bemdes  what  passed  the 
sieve' and  was  weighed  with  the  ashes,  was  only  6.4  p6urtd$.         ]\  ' 
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62 
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Period  of  <t«*<Iy  action,  fromOA.  50i»,  to  SA.  4Gni.  p.  m—ih.  SCm.-,  coal  Eupplin]  lolh«  grule, 
606.3  Iba.!  wattir  to  the  boiler,  4,168,4  lbs,;  water  to  !  of  coal  for  the  same  period,  9.329.  The 
Golamn  of  "tanxAa"  will  ■how  the  cause  of  siupendin^  Ihp  nupplying  of  water  for  a  porlion  of  the 
time  between  U.  SOn.  and  4A.  SOm.  p.  m.;  the  evaporation,  however,  rtill  proceeiM  at  tbMl 
the  BTGiage  nte, 
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Morning  clear;  wind  NW.,  brisk;  t^e  grat^a^i  pit,  and 
.'.iUea,  cloanted  oulthivjncroing.-.  \\         :".).(. 

Water  0.82  inch  belbw  normal  level;  commenced  firing  on 

lltratc  iuid  in  amftll  fufnace.  .  ; 

Water  in  boifer  a  88  iodi  >«l0w  Mrmalj^evei  t^  r^  it  to 

which,  66  Iba.  were  addtd. 
Wood  donetimed,;  SBT^TSK  ttn,;  c6time|iited  ^to'ging  with 

. coal ;.fiieam.. blows  oC  .  . 


Pkoei  38  ibfe.  of^if  coal  ift  tlr^^iHf  «p|i^tM.. : ; 


.1. 


«  -  x> 


Sfij^ond  tv^iprht  t^eiilnsm back  valve  at.6A.t%?ifr  p.  m.,  to* 
■avoid  diacharpoof  ipray  bfrirDnTvalfff*     .  ^  1 
Wa(M  in  boiled  1.3: iotiGh  beloWoiorioal  lAtelt  #ater  in 
theri^er  tookuwtaM'tttak.  f".:.  '  "  •  :' 

i*  Water  vti  faoilor  %  iucheaiiciow  UttrmAlilevdJL 

f^Tank  partly  tilled:  watert3»3  Indies  Mow- nffrmal  level. 

\  M'ater  btotlght  to  witftin  ^  indh«f  of  i|«r4ial  ievelj. 


^ 


<  ■ 


*         0 


<   i.u 


Contents  o£  ash  pit  On  grate  jit  9^  IQm-i  W^t^r  in  boiler 
1  inch  above  normal  level ;  damper  4  inches.      ' 

Watei  in  boiler  founded.  65  i&diib&lowv^. railed  to  0.2  inch 
below  normal  level;  daniper  closed. 

Water  in  boiler  w^usMd  for.jtemprmtunB.,      r{   , 


^ — 


-  .1'     "i,     'i  1  f  ..J     /'   V     •  i;,v    •<     ' 


Pi^IDU.\. 


iT    t      r'" 


Clinkei; 

Ajihes 

Aabca  behind  bridge 


Total  cHnkcflT  and  ashe^ 
Deduct  wood  aahea    - 


Total  waate  from  coal 


89.28 
0.82» 

88.45a 


Coke 


9.00 


C  »e«  ]  314 

TABLE  cm,— BjSRS'S 

Second  Iriat^-iipper  damper  S  inehti  open  j  air  ptates  open ; 

T 


I   I   i    f , 


II 


56     SlOi  4S  j  3U.17  0.374    6.61 


7  I  30.17'  Q.6G3   4.94 


49     30.I7|0.eTO   4.ati 

53  30.16  O.570'  4.88 

54  <  30.161  0.670   4.88 
54      30.16)  0.575    4.83 

5G3  5.04 


68  j  30. 1 

57  I  30.14 

57  I  30, 13 

6S  i  30.13 

59  30.13 

m  ■-  30.13 

•0  30.1 

OS  i  S0.1I 

59  :  30.11 

59  :  30. 1 

59  ,30.11 

59  ;  30-1 


0.5T3i  4.86 


t   4.84 

)]  4.78 


59  I  30.11  0.553rS,04 


i  i 


SITOl      - 

8ess;i«5.5o 

4080 
4614  1 
BOM 
B6G7  I 


Period  of  gteuly  ution,  tromllA.  47ni.  a.  lu.  tp  5A.  2S>M.  p.  m.~5A.  4Ini.{  coal  aupptidl  O 
fniTf  ^^  pounds;  nater  to  boiler,  4,677.48  pounik:  waler  to  one  o(  coil,  7.436.  In  fillmg  thfl 
tmfci  qire  iirwgmerHlly  taken  lo  anticipate  the  period  ivhen  the  eupplj  would  be  Busp«ndM,  bjr 
qwiu  the  leiel  in  the  boiler  as 
tttik  wu  filled- 


UcU  aliovf  tilt;  nurinst  li: 


it  thai  fine  wh»n  rtie 


r»- 


3M& 


[-  ti88  3 


(DEEP  RUI^)  ho  All/  '" 


A 


.  :  :u 


sleafh  thrdwh'irito  chutihey,  and  small  furnace  in  action. 


1 


c    . 


-3 


5^ 


e 

o 


1,2 


.A 
0.-S 


A.  m. 


Q     b 


•5  & 


>93  a      !  o  9 

£    P,    *    hi) 

|2|!s|i 


36.7 


7.48    3U« 

-  37.0 

36.6 

[««.•■•• 
9.30    36.6 

-  I  41.1 
42.6 


10.52 


11.47 


1.06 

i.57 

2.5] 

3.48 
4.32 

5.28 


39.8 
40.1 

39.0 

40^6 
42.2 
43.7 
44.3 
45.8 
45.8 
49.5 
46,7 
47.6 
46,7, 
48.5 


-  43.7 

I 

-  j  44.3 

-  32.01 

-  f  51.0 


( 


134     —31 


104     -^l 

116  I  —15  t    0.322 

1 14  f  4*  9  1    0.408 


U       ' 


REMARKS.— Grate  surfiice  14.07  squaa^Tee^il^^of  cir- 
cult  of  heated  ga^es  121  feet;  heigln  of  chimney  63  feet 


*  $  4  •  9  •  •  »  * 

108 
121 
126 
129 
134 

137 

187 
143 
144 
143 
149 
167 
17j5 
192 
195 

.197 
191 


53 
76 
67 
$4 
73 


1.738 
1.569 
;?.188 
0.885 
2  517 


Morning  clear;  heavy  frost;  commenced  Bring;  lowor  damper 

opened. 
Wood  consumed,  12^.5  lbs.;  commepiced  chaiging  with  coal; 

lower  d%nipcr  closed,  and  upper  opened;  steam  eacapee  at 

%h*    l»|»        ,       ,  .     ■     ,,11    .; 

Air  plat^  opened,  at  usual,  only  when  the.fiiv.  has  got  into 
good  activity.  ^ , 


;   • 


Wind  W.,  light;  filled  tank  at  lOA.  i8m. 


210 

213 

164 
149 


69 

61 

65 

*87 

9$ 

110 

114 

105 

95 

82 

116 

107 


105 
13 

—27 
—25 


1.764 

1;203 
1.775 
1.377 
2.077 
2.638 
2.515 
3.064 
2.442 
2.654 
2  216 
3.109 


Commenced  drawing  gases  at  meridian;  divw  \n  83  miputw 
loo  cubic  inches,  wl^h  gave  water  0v85  g^n,  carbonic 
acid  2.71  grains,  oxygen  17.258*. cubic  incbea;  fire  dull; 
temperature  of  baih,  57^.  5. 

Fire  now  very  brisk.-     . 

Grate  beurs  heated  to  a  cherry  redness  during  l^iie^day;  in  part 
caused  by  the  constant  fire  in  the  ash  pit,  b^  the  fine  coal 
falling  through  the  grate. 

Filled  t(^)k  at  3A.  33/».  p.  m,  . 

«  *  # 

Filled  tank  again  at  4A.  57m.  p.  m. 

Wind  SE,;  second  weight  removed  from  the  back  vilve. 

Air  platea  closed,  and  contests  of  adi.pit  'pikt  on^T$te  at  6A. 

p.  m.  , 

Damper  yeduced  to  four  inches^  at  Ih*  45'^r;  p^  ni.  double 

weighted  both  valves;  closed  damper  and  air  port 
Wafer  in  boiler  0.45  inch  below  normal  level)  ra^niiig. 
Water  in  boiler  adjusted.  ,     ,  . 

: 4  7    ■    "   •• ,  I. 


RB8lt)UA. 


Clinkci'  .      ;     - 

Ashes  -   .  ,    ,  - 

A«hes  behind  bridge    - 

Total  clinker  and  ashee 
Deduct  wood  ashes 


< .       .r . 


■I'  - 


Pound$* 
.  '''  '-'  61.00 
i,j--r-    /.:. ''51.36 


.  "  )i 


t^ 


Total  waste  from  coal 


•    106.38 
0.37 


106.01 


Coke 


5.00 


'  TABLE  CIV.— BAH8'» 

Tkhd  trial — tyv'^r  liomftr^  inches  open;  t^rplfttta  closed; 


II 

1 

i 

•S3 

It 

£ 

IS 

- 

I07.S5 

IS 

85 

- 

10 

618 

103.7S 

l« 

e«9 

Ifl 

IS69 

107.50 

10 

1756' 

- 

II 

2!  79 

107.75 

10^ 

5435  j      ■-    I 

IS 

3774  ;ia3.5» 

>s 

3183  !       -    j 

13 

35E6  |ia&.3& 

10 

■4L69   1       -    ! 

IS 

14 

4571  iios.a^ 

498!    ■       -    1 

5421      lOS&O' 

i^ 

'6081    j       - 

iS 

6729  i  IOS.OOi 

16 

7143 

'"     1 

16 

VaW 

<IOS  75) 

10 

8261 

- 

m 

8331 

- 

ib 

8411 

-- 

19 

8462 

■1 

Period,of  at*f]y  BcUon,  from  lOA-  a-  m,  lo  5A.  J/n.  p.  nj.— 7A.  7m.;  coal  Bupplicd  to  Ihe^t^ 
,-M'5  tl«.u"»ler  IQ  the  boiloi,  6,197.13  11)8,1  walei  to  I  of  cosl,  8.3.06. 

-.    IN-  B.  .After  tliia  trial,  jt  n-ss  fojuid  that  one  row  of  liol^  in  the  .air  plates  hiyl<t^n  burned  ou|i 
j^liOBg  ihem  lo  13x34—442  holua,  J  inch  ia  iliamctec. 


J     .•' 


steafn  thrown  into  chimney ^  and  small  furnace  in  action. 


'« ti   I 


II 


V 

e 


r^  .S- 


SLS 


*S.      !*3  -I  c5 


7.36 

9.00 
10.00 

10.46 


O  P  i> 


61.0 

I 

53.2 
61,2 

51.2 

52.8 

52.4 

,   52;8 


11.58   f    49.8 

•*     i    54k8 

1-12   j    54.0 

•»      '    56wd 

2,10       C^7 

66.7 


149 


131    .     4-10      .     -r. 


-26 


3^0 


56.9 
56w9 


4.U       5&7 
55i7 


5.07 


iOlM'rt... 


57.1 
64.8 

40.9 

♦ 
J     i  1 1    I  1 1  I    fill       i  ■■  1^  ■ 


57.1 


123 

122 
129 

\m 

151 
165 
186 

179 

188 

188 

183.5 

184 

185 

191 

191 

196 
199 

204 


tlO 
S12.5 
938 
124 


12  j 

68 

96 

116 

103 
98 
88 

86 
103 
103 
112 
127 
196 
114 
115 

lOT 
116 


■mi     I    f I 


0.^ 

2,236 
1.786 
2.172 

2.628 
2.246 
1.366 

1.796 
2,167 
1.812 
3.412 
2,130 
2.172 
2.231 
3.391 

2^359 
2.198 


..ii 


R]^AHKS.--Gfate  ^rf&ce  Ii.(r7  vqoare  feet;  length  of 
circuit  of  boated  gases  1 2 1  feet;  height  of  chimney  63  feet. 


Morniiig  doady,  with  rain;  wind  SE.,  frabk;  'commenced 

firing. 
.Wood  consumed.  j55  lbs.}  commenced  charging  With  coal. 
Damper  set  8  inches.  . 


Filled  tank  at  10^.  Om.  a.  m. 

Coke  and  coal  pass  in  considerable  quantities  through  the 

.  grate. 

A  slight  imgukrity  of  action  occurred  at  ll^>l5m,  by 
the  falling  of  some  of  the  grate  bars,  whidihap  become 
warped  ajod  deranged  1^  being -over-heated. 


107 


106 


40 


*-iO 


•        *. 


2L262 


FUled  tank  at  3A.  18m.  p.  m. 

little  smoke  ffom  chimney  to-dby,  except'  iA»heki  stoking 
■  occkargfaig,  .  .'     j 

Wind  NW.9  very  light;  sun  shfaun^t  oonhnbided  draw- 
ing gases  at  4a.  46»n.|  dreji¥  ki  W  raftttitis  ^  seconds 
100  cufafe  inchta,  which  gftve  water  1'.30  grdSn,,  carbonic 
licid  4.98  grains,  oxygen  11.875  pubic  inches;  .tempera- 
ture at  mercuiial  InAhy  69^;  c^htehis  ofM  pit  thrown 

.  .0ngrate.at5A.  S0oi..prai.  ^ 

.Watir  in  bciler  left  hi  isdi  aboire  nminiJ'IeVel;  damper 

reduced  to  4  inches. 
Watinr  left,  at  0.3  kteti  below  HormkT  kidlt^'ditoper  and 

air  plate  closed.  •    ^'   . 

Waterleft  al  0;02  ilkch  belo«ir  nohualleveL '        ;  ^  ^  -  ' 

'Water  in  boUetAdjliBtDdL     ' 


m^      I  ■'  ii       u*       ill'      ■*. 


I  li   II        i..»^.^-^.« 


'    «"■     ■'    ■         -      ■■■•-■<       1-1     -    '        .    t    1 


Clinker 

Ashes 

Ashes  behind  bridge 


Deduct  wood  ashes 
Total  waste  of  cod 


RB«l6UA.''! 


•*       48.76 

70.60 

4.28 


118.48 
0.169 

118.311 


Coke 


6.76 


£  386  J  318 

TABLE  CV.— BAKK'S 

Fottrih  trial — ripper  damper  8  inches  open  ;  air  plates  half 


T 

a 
■i 

1 

1 

11 

}  i 

K      > 

1 

^ 

S 

; 

>9    0,363  ,6.97 

0.10 

. 

n    (1.470 '6.85 

0.33 

- 

tl  '  0.610  r6.07 

V.31 

196.00 

iS    0.640i5.n 

0  33 

169 

107.75: 

SI  ;  0.643  's.'u 

a36 

^?I 

-  1 

iriO.6.M'5.03.O.«O 

W7 

iS.0.5*9j5  08  0.3S 

1143 

>2!oS4»!6.Ja'u.36 

1535 

103.641 

A  '.  0.536  1  5.as  0.S5 

179S 

-      i 

la.i  0.348  ;5n;  0.35 

tl-lT 

103.75; 

13  (O.SSO    5.07:0.39 

saes 

_ 

il  1 11.549  I5.IO!  0.39 

»>M 

tl3.60j 

Mi 

0.560 '5.07' 0.38 

9087 

n 

0.S50J  5.0710.39 

S449 

ioe.o«| 

18 

0. ISO '5.07!  0.40 

384S 

JS 

0.560  i  5.07;  0.J7 

4350 

m.w\ 

13 

0.548i6.I0  0.3e 

4s»r 

13 

0.567  ,5.0110.37 

6179 

lfti.SO 

i3 

0.549 

5.08  0.37 

5607 

M 

0.640 

5.17  0.35 

6861 

IO9.S0 

14 

0.660 

4             0 

6135 

i5 

0.551 
0.058 

5              9 

6Tli 

107.M 

;9 

s 
1 

7237 
*7S8 

»' 

0.64O 

rs 

0.514 

E             9 

T900 

- 

K 

0.496 

G               1 

?904 

_ 

19 

0.455 

794a 

JO 

0.4(3 

he.ialftio 

7908 

- 

*.  m.  to  Si.  4Sni.  p.  m.  —  7A.  Ifira-i  ooal  ■uppMW 
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l^^t 


(DE^  RUN)  COAL. 

0pen  ;  iteam  throum  into  chimney ^  and  small fumdct  in  action* 


i  ^ 

Sr 


9 
*« 


A»-<»>» 


1^   • 


38.2 


IS 


a  •& 

5  St. 


-  ,  40.8  I 
7.40  '  42.9  ' 
8.26  I   40.0 


42.9 

t 

--     .    42.6 
-    ;   4a8 

10.26      45.1 


t 


—18 
-f6l 


70 
77 

80  I     41 
88       3g 

64 

97 

81 


46.5 


11.43  '   45.2 


45.2 
46.5 
45.8 
50.7 
48.1 
49.5 
49.4 
46.2 
48.5 
4.17  I  46.8 
48.1 
49.4 


I, 


'  U.40 

'  1:55 

C.45 

3.46 


\ 


.   ...1 


5:12  t  49.1 


I  ' 


45.4 


41.1 


90 

95 
115 

121 

137 

156 

167 

171 

179 

186' 

186. 

191 

191 

191 

194 

200 

203 

20^ 

21t  i 

210 


35,1  j     167 
-     i   35.1  (     165 


88 

91 
80 

96 
100 
109 
110 
128 
126 
122 
113 
125. 
103 
118 
130 

•  «  •  •   •  • 

128 
97 

20 


I 


Q»    9 
BO 


S  C  , 

in 


0.476 

1.444 

1.748 
1.780 


2.077 

1.324 
1.759 


KEMARK8.— Grate  furiace  14.07  flqoare  feet;  leng^  of 
circuit  of  heated  gases  121  ^t;  height  of  <Mnmesy  63  u^ 


Win3  NW.,  fresh;  raining;  water  in  teoiler  0.7$  inch  be- 

low  normal  lovei;  fire  in  amall  furnace.  ^   .  .' 

Commenced  firing  at  bh.  30m.  a.  m. 

Wood  consumed,  235.25  lbs.;  commenced  c^ai^ging  With 
coal;  steam  blows  off  at  7k.  47m. 

Nearly  a  charge  of  fine  coal  in  the  ash  pit  passed  throu^ 

Air  plates  half  opened;  coal  from  ash  pit  returned  to  fire. 

WindNW.,  brisk;  clearing  off;  steam  allowed  to  escape 
from  back  voInt  at  lOA.  80m. 

Commenced  drawing  gases  at  lOA.  32/n.  a.  m. ;  drew  in  60 
minutes  (at  various  intervafe,  until  1^.  29m.  p.  m.)  100 
cubic  inches  ;  which  gave  water  0.80  grainj  carbonic  add 
4.63  grains,  0x5 gen  13.75  cubic  inches;  temperature  of 
bath,  540.    Filled  tank  at  llA.  34m.  ' 

Coal  continues  to  pa!»s  in  large  quantities  through  grate; 
returned  to  fire. 


—34 
—33 
^^.5 


1.297 
1.764 
1.812  1 

2.182  ; 

2.108 

2.713  I 

2.691  ! 

1.653  ' 

2.607  '  Filled  tank  at  ih.  28r/2.  p.  m. 

2.013  1 

1.570  I 

3.110    Coal  burned  to>day  all  fine. 

►  ••••••1 

2.675    Air  plates  closed;  cloudy  sincf  sunset. 


Contents  of  ash  pit  on  ^mtc-^  water  1.1  inch  above  normal 
L    level.  ,     '  .    -. 

Water  at  0;  both  valves  double  weighted;  p^C^iirc  fises.' 

I  Water  0.28  inch  below  normal  level.  -     — 

Water  0.2  inch  below  normal  level. 
I  Water  adjusted  in  boil??.  .:         ..   ;        "T 


RESIDUA. 


'   i 


Clinker  -  -   * 

Ashes  -  -  - 

Aihes  bdiind  bridge  - 

Total  clinker  and  ashes 
Deduct  wood  ashes 

Total  waste  from  coJ  - 

Coke  . 


Potmda. 
.  49.00 

-  53.50 

-  4.35 

- 106.85 

-  #.721 


.  106.128 


-   5.50 


Fifth  lri«i—fippti'  Jan^ir  a  iiKhtt  itptn)  air,  plait*  tia^i-  «ttan'tAr«uro-ntt» 


Period  of  ■tMdj'  ictisn,  IVam  SA.'Wm-  ■.  m.  to  3^.  ir>m.  p.  m.wBA.  49m.     C4a]  tupfitiMt  <• 
^t«,  790.5  Iba-j  water  to  boiler,  same  tinK,  6,1S9  lb>-,  or,  to  1  of  coal,  7.763. 


331 


(BEEP  RON)  GOAL. 

dumney,:  imatt  furnace  in  action,  md  additiomd  weigki*  «n  nffety  take*. 


C  386  3, 


8 

a 


1 


'i 


ra«-  fit* 

7.03 
8.00 


8.50 


10.08 
10.57 

11.40 

0.60 

1.45 
334 


3.54 


41.1 
37.4 

34.3 

38.2 

38.1 

38.2 
38.5 
36.8 
40.1 
37.2 

39.0 
40.1 
40.1 
40  6 
43.7 
43.7 
43.7 
45.1 

45.1 


38.5 
89.6 


148 
135 

127.5 

133 

142 

160 
165 

168 
174 
183 

186 
192 
202 
205 
204 
211 
212 
211 

216 


—36.5 
-f.63 

91 
T16* 


-eg 


217 
218 


35  6  1  162 
35.6  1  160 


117 
103 
115 
130 
128 

119 
121 
104 

no 

124 
104 
106 
112 


107 

97 

—  1 

—30 
—30 


Cfinker 
Aihfefl  - 
A^hcfl  behind  bridge 

Totil  Mhes  and  clinker 
Deduct  wood  ashet 

Total  waste  from  coal 
Coke   - 


II 


1.146 
2.622 


REMARKa— Grate  soifrce  14*07  aqnare  feet;  length  of 
drctiit  of  heated  gaaee  121  feet;  height  of  chinmey  68 
feet 


2.634 
2.288 
1  303 
2.638 
2.214 

2.872 
2.903 
1,865 
2.787 
1.649 
2.792 
1.749 
2.198 


Morning  clear;  wind  NW.,  light;  commenced  firing. 
Wood  consumed,  81  j  lbs.;  commenced  charging  with 

coal. 
Steam  escapes  under  £jur  weights  (about  126  pounds)  on 

each  valve;  making,  with  &e  weight  of  the  valva^  19 

pounds  per  square  inch.     Damper  set  8  inches  at  9ks 

O/n.  a.  m. 


Filled  tank  at  lOA.  Om.  a.  m. 


3.195 


Wind  NE  ,  brisk;  clear. 


Occasionally  tbie  grate  bare  become  red. 


Coal  in  drying  apparatus  weighed  tonlay  27  lbs.  8  otr; 

Filled  tank  at  8^    10m. ;  part  of  the  coal  burned  to-day  is 
in  lumps,  causing,  the  fire  to  bum  more  vigoioiisfy 
than  before;  a  large  amount,  notwidistan^ng,  passes 
through  grate;  contents  of  ash  pit  thrown  on  grate 
4A.  15m. 

Extra  weights  removed  at  5A.  Om. ;  water  in  >- 
0.2  inch  above  normal  leveL 

Water  left  at  0.3  inch  below  normal  If^ 

Water  0.43  inch  below  normn^ 
Water  in  boiler  adjusted.    ' 


RBSIDT^ 


Bool    " 


21 
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TABLE  CVIL^DEDUCtiONSTRDM 

£aiperiiheniijim 


I 

3 

3 

4 

5 

6 

7 

8 

9 

10 

11 

i9 

13 

14 

15 

16 

17 

18 

19 

20 
21 
23 

23 

24 

35 


27 

28 
29 
30 
31 
32 
38 
34 
35 
36 

3^ 
39 
40 
41 

43 


44 

46 
46 
47, 


Nature  of  the  data  furniabed  by  the  reqwcdTe  tal^ 


Ist  Trial 
^Thbk  Cn.) 


Total  duration  of  the  experiment,  in  hours  •  •  . 

Doration  of  ateady  action,  in  houra  «  -  .  . 

Area  of  grate,  in  square  feet  •  -  •  • 

Area  of  heated  8uriu»  of  boiler,  in  square  feet 
Area  of  boiler  exposed  to  direct  radiation,  in  aquare  feet 
Number  ofcharges  of  coal  supplied  to  grate  -  .  . 

Total  weight  of  coal  supplied  to  gprate,  in  pounds 
Pouudsof  coal  actually  consumed   -  . 

Pounds  of  coal  withdrawn  and  separkted  after  trial    - 
Mean  weight,  in  pounds,  of  one  cubic  foot  of  coal     • 
Pounds  of  coal  supplied  per  hour,  during  steady  action 
Pottnds  of  coal  per  square  foot  of  grate  surface,  per  hour 
Toljal  waste,  ashes  and  clinker,  from  100  pounds  of  coal 
Pounds  of  ciinkar  alone,  from  100  pounds  of  coal 
Ratio  of  elinker  to  the  total  wastes  per  cent  •  .  • 

Total  pounds  of  water  supplied  to  the  boiler  -  «  • 

Mean  temperature  of  water,  in  degrees  Fahrenheit    - 
Pounds  of  water  supplied  at  the  end  of  experiment,  to  restore  lerel 
Deduction  for  temperature  of  water  supplied  at  end  of  experi- 
ment, in  pounds  -••-.• 
Pounds  of  water  evaporated  per  h6ur,  during  steady  action    • 
Cubic  feet  of  water  per  hour,  during  steady  action    *• 
Pounds  of  water  per  square  foot  of  heated  sur&ce  per  hour, 
by  one  calculation  •--.«. 

Pounds  of  water  per  square  foot,  by  a  mean  of  several  obser- 
vations ------. 

Water  ev«|KMmted  bj  1  of  coal,  from  intial  temp,  (a)  final  result 

Water  evaporated  by  1  of  cotil,  from  initial  temp,  (b)  during 

ateat]^  action       ----.. 

Pounds  of  fuel  evaporating  one  cubic  foot  of  wuter    - 

Mean  temperature  of  air  entering  below  ash  |)it,  during  steady 

pressure-  - 

Mean  temp,  of  wet  bulb  thermom.,  during  st^y  pressure    - 
Mean  temperature  of  air,  on  arriving  at  the  grate 
Mean  temperature  of  gases,  when  arrivmg  at  the  chimney 
Mean  temperature  of  steam  in  the  boiler        .  .  ., 

Mean  temperature  of  attached  thermometer  -  •  . 

Mean  height  of  barometer,  u^  inches  .  .  . 

Mean  number  of  volumes  of  air  in  manometer 
Mean  height  of  mercury  In  manometer,  in  atmospheres 
Mean  height  of  water  in  syphon  draught  gauge,  in  inches 
Mean  temperature  of  dew  point,  by  calculation 
Mean  gain  of  temperature  by  the  air,  befotv  reaching  grate    - 
Mean  difference  between  steam  and  escaping  gases    - 
Water  to  1  of  coal,  corrected  for  temperature  of  water  in  datem 
Water  to  1  of  ooal,  from  213®,  corrected  for  temperature  of 
wat<T  in  dstem  --...• 
/Pounds  of  water,  from  213®,  to  1  cubic  foot  of  coal  - 
Water,  from  212®,  to  1  poundof  combustible  matter  of  the  Aiel 


*  Mean  pressure,  in  atmospherei^  above  a  vacuum 
Meon^pressure,  in  pounds  per  square  inch,  above  atmosphen 
Condition  of  the  air  plates  at  the  furnace  bridge 
Inches  opening  of  damper,  (U.  iq>per)         -  -   '        • 


OttoheriZ. 
33.333 
4.933 
14.67 
377.6 
18,75 
8.0 
825.5 
816.5 
90 
5K5937 
103.676 
7.397 
10.833 
4.0637 
37.501 
6735.0 
60®.a 
63.0 

9.0 

845.003 

13.53 

3.338 

3,337 
8.325 

8.339 
7.5988 

69®.  43 
5l®.46 
197®.50 
380®.0 
230®.  93 
56®.  39. 
30.051 
4.991 
0.5584 
0.3611 
43®.  3 1 
138®.  07 
68®. 1 1 
8.335 

9.4364 
486.86 
10.5839 


1.4873 
i.4577 

CkMod. 

U       8 


3d  Trial 
iTabk  QUI) 


24.333 
5.683 
14.67 
377.5 
18.75 
10.0 
1042.25 
tQ97.35 
6.0 
92.1125 
116.681 
7.866 
10.217 
4.8077 
47.933 
8117.0 
55®.6 
123.0 

17.0 
823,666 
13.169 

2.18 

2^227 
7.809 

7.436 
8.0036 

60®.T7 
63®.41 
213®,0 
317*.06 
33l®.2 
56°.94 
^.132 
4.8706 
0.5699 
0.3933 
45®.88 
152®.23 
93®.  17 
7.89 

8.9947 
468.74 
10.0183 


1.4733 
6.9894 
Open 
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TABLES  Cir,  Clfl,  CIV,  CV,  CVf. 
Barr'a  (Deqt  Sun)  coat. 


id'TAiA, 

4th  trial.' 

5th  i*ria!.' 

ilhbit  €V.) 

(7ViWj0V7.) 

1  *          1 

tki0ber25. 

Oetobet  97. 

OctfdferUB, 

.    .iM.«67 

25.167 

.      JI5J?5 

7.116 

7.287 

.  6.966 

14.07 

14.  Q7 

14.07 

^77.6 

377.5 

377.6 

18. 7« 

18.75 

18.75 

10.0 

10.0 

10.0 

1068.5 

1065.75 

1107.75 

1067.75 

1060.25 

noi.o 

5.76 

5.5 

6.75 

53.175 

58.!»75 

^6^875 

iOl.694 

103437 

113  479 

7.441 

7.33 

8.065 

11.186 

10.009 

13. 124 

4.1305 

4.598 

6.0518 

3flu938 

45.935 

46.108 

4462  0 

7966.0 

8394.0 

58^5 

52«>.4 

52O.0 

38.0 

•      66.0 

80,0 

6.0 

i.0 

12.0 

870.874 

776.873 

879.84 

13.927 

12.414 

'  U  077 

2.806 

2.065 

2.313 

2.299 

2.045 

• 

2  322 

7.985 

7.51 

7.613 

9.306 

7.522 

7.753 

7.8272 

.  8,1323 

8.2096 

630.21 

67«.42 

580.44 

68«».00 

52^.29 

500.31 

^3r>.94 

222<'.26 

S430.67 

837*.  29 

3370.75 

3710.31 

23P.82 

2320.26 

.    2680,875 

59«.0« 

530.03 

530.75 

29.949 

29.626 

30.067 

:J^068 

,   .5.081 

.     2.867 

0.5519 

0.5491 

0.7743 

0.3969 

0.368 

0.3914 

54«.U 

460.91 

40*^.51 

174«.78 

1640.84 

1850.23 

,A03<'*23 

10^.2 

|U^93 

7.986 

7.61 

7.613 

9^1906 

8.6737 

8.7966 

488.71 

462.2 

487.17 

'     19*348 

1 

,          4 

.     9.6384 

10.1243 

1.4262 

1.4084 

2.2977 

"6.296 

^.0322 

19.164' 

CloMcL 

W9                    — . 

Htlfopen. 

ClOMd. 

U.      8 

U.          8 

U.      8 

Avi^n^egrt'^ 


6.40 
53  1112 
106.933 

7.5998 
11.0736 

4.7481 
42.881 


838.931 
13,421 

2.218 


7.8284 

7.8490 
7.9923 


2220.874 
3280.68 


f 
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■n        ^ 


0.3821 

I68O.02 
960.628 
7.8446 

0.018t 
478.736 
iai424 


1.4968 
8.4486 


•■    ^  '"  ^'"^IfefhiAr; 


1    '       M  t 


On  thfi  2d  and  5th  tmls  the 
rate  of  co^mbustion  was  conaiderabhr 
more  i^pid  than  on'  the  btiier'lhrae 
days;  and  the  proportlehOf  dfekef^ 
on  those  two  trialBi  in  wxk  ,  iaoi*a 
above  that  of  the  other  three  daj» 
than  the  rate  of  evaporationf'sho'ww 
ing  the  effect  of  rapid  combtiitum 
in  vitiUying  the  hMij  hiatjiitto. 


'  'J.:; 


X 


A  gradual  increase,  of  t«mperalim  ia 
the  escaping  ga»ea  la  visibTe  ft^m 
th^  first  td  th<»  fiftfitAD*     ) 


""  In  theHrtiteTcpeiiaient,  which  fpitm 
the  highest  result  in  evaporative 
eflTect,  the  63^  nulled  in  thk 
line  ia  br  le4a  than  f)n  tidier  of 
tiie  rcat  due,vM6ba^)|/^  to  4m 
clean  con<^ition  of  the  %6a{  and 
the  increase'  of  Uie  exce«  is 
attributable  to  ^e  gradtikl  0D8t« 
teg  af  tha  saine  ^t^  me  and 
dwrt 

The  2d  and  4th  triale,  both  with  air 
plate  open,  give  results  below  tfaa 
average  of  the  tr«st. 
TV  6(h  trial  ia  omitted  in  thia  anr- 
age,  and  tiie>  Ifblbatmg,  aa  tfie  ex* 
periniebt,ja.negaplto\^reitai«i  Wi« 
not  intended  to  be  comparable  wHk 
the 
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Rtmdrki  on  the  preceding  table  qf  deductions. 


The  combustion  of  this  oo^  evidently  produced  a  pretty  rapid  as  weB 
ms  uniform  rate  of  evaporation ;  and  this  circumstance,  as  well  as  its  earn- 
.|K^tion«  entitles  it  to  rank,  if  not  among  the  free-burning  class,  at  leasi 
m  near  proximity  to  those  which  have  been  thus  denominated  It  belongs 
lo  a  place  intermediate  between  those  which  in  France  are  designated  as 
dr$f  coah  with  short  Jlame^  and  those  calleA /at  coals  with  short  Jlame.* 

The  average  rate  of  evaporation  per  hour,  (13.421  cubic  feet,)  as/ound 
in  the  21st  line  of  the  table,  differs  from  that  of  the  free-burning  class  by 
•nly  three-tenths  of  a  cubic  foot. 

The  fifth  trial  of  this  coal  afforded  an  opportunity  of  studying  the  infln- 
ence  on  the  economy  of  fuel  of  working  at  an  increased  pressure,  as  had 
been  done  in  the  case  of  the  Peach  Mountain  anthracite.    The  effect  is  en- 
tirely in  accordance  with  what  was  given  in  that  case ;  and  the  observa- 
tions on  temperature  of  escaping  gases,  in  the  30th  and  39th  lines  of  the| 
table,  point  significantly  to  the  cause  of  the  inferiority  of  the  result    Not 
only  was  the  temperature  of  the  escaping  gases  absolutely  higher  at  the 
high  than  at  the  low  pressure  experiment,  but,  relatively  to  the  tempera- 
ture of  steam  in  the  boiler,  it  gave  a  greater  excess  of  ten^Derature  over  the 
high  steam  than  it  had  over  the  low.    Thus,  on  the  fifth  day's  trial,  (the 
28th  of  October,)  the  steam  was  at  a  mean  temperature,  during  steady  ac- 
tion, of  258^.37,  and  the  escaping  gases  at  371^.31 :  difference,  112°.94.  At 
the  third  trial,  (on  the  25th  of  October,)  the  damper  and  air  plate  being  in 
the  same  condition  as  on  the  28tb,  the  mean  temperatiue  of  escaping  gases 
was  337^.29,  and  that  of  the  steam  231^.82 ;  and  their  difference  105°.47. 
Now,  112.^^3 — 105.47=7M6=the  excess  of  difference  on  the  day  of  work- 
ing high  steam  above  that  of  using  it  at  the  ordinary  range  adopted  for  the 
experiments.     This  small  excess  may  possibly  be  assignable  to  the  coating 
of  soot  which  had  accumulated  in  two  days.     If,  however,  the  whole 
of  the  superior  temperature  of  the  gases  be  due  to  the  higher  temperature 
maintained  in  the  boiler,  its  effect  in  diminishing  the  evaporative  effect  of 
the  unit  weight  of  fuel  tan  readily  be  computed  from  data  actually  obtain- 
ed while  burning  this  coal.     On  the  25th  of  October,  the  analysis  of  gases 
entering  the  chimney  proved  that  19.965  pounds  of  air  passed  through  the 
lire  while  burning  a  pound  of  coal ;  ^nd  that  the  dry  gases,  from  the  conh 
bnstion  of  a  pound  of  coal,  were  equivalent,  in  capacity  for  heat,  to  20.477 
pounds  of  air^  or  to  5.465  pounds  of  water.     Hence,  by  heating  those  gases 
to  371^31,  instead  of  337°.29,  or  34°  hotter  in  one  case  than  in  another, a 
heating  power  is  expended  on  the  gases,  and  lost  to  the  boiler,  of  5.465 X 
34=185°.81;  and  this  divided  by  1030  gives  0.1804,  as  the  evaporative 
effect  of  the  temperature  imparted  to  the  gases  in  the  one  case  more  than 
in  the  other.    If  the  first  trial  be  compared  with  the  fifth,  the  difference  in 
temperature  of  escaping  gases  is  371°.31 — 280°=s:91°.31  ;  and  this  molti* 
plied  by  5.465,  gives  499  as  the  excess  of  heating  power,  or  0.4845  of  evap- 
orative power  expended  on  the  gases  in  the  fiAh  trial  above  that  in  the  firsts 


» I 


*  <« 


HomUe$  »echei.^  courte  Jlamme,"  and  ^* houHk*  gr(U9n  ^  wurte  Jlamme.^'-''Qw  Aimalf 
de$  Mm€»f  tome  1,  4^ine  8^110,  p.  SS. 
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No.  2. 

Bituminous  coal  from  Crouch  if  SneofPs  mines^  Henrico  county^  Ptr^ 

ginia. 

No  letter  or  certificate  accompanied  this  sample  of  coal.  A  memoran* 
dum  on  (he  bill  of  lading  merely  signified  that  it  was  from  the  abore-named 
mines^  and  that  their  distance  from  Richmond^  by  James  and  Eenawha 
river  canal,  is  12  miles. 

In  exterior  appearance,  this  coal  is  either  columnar  or  foliated.  The  al- 
ternate plies  of  bright  and  dull  matter  are  generally  very  thin.  The  main 
partings  are  inclined  85^  to  the  surfaces  of  deposition.  The  c(08s  partings 
are  not  well  defined.  On  the  maiifi  partinjgs  are  occasionally  seen  effiorea- 
cences  of  sulphate  of  iron ;  and  along  the  lines  are  cracks,  manifesting  thd 
effect  of  the  air,  which,  in  less  than  eighteen  months,  has  begun  to  aisiQ<» 
tegrate  the  coal  by  the  decomposition  of  its  sulphuret  of  iron. 

The  specific  gravity  of  specimen  a  of  this  coal,  which  I  analyzed,  was 
found  to  be  1.4513,  and  that  of  6  1.8347;  the  latter  being  of  a  very  slaiy 
appearance.  This  ^ves  the  mean  weight  of  one  cubic  foot  of  the  solid 
coal  107.09  pounds;  but  taking  a  alone,  it  would  be  but  90.71,  whidi  I 
am  inclined  to  adopt  as  the  weight  of  the  true  coal. 

The  mean  Jesuit  of  thirty-six  trials  in  the  charge  box  is  53.593  pounds 
per  cubic  foot;  the  highest  number  being  56.378,  aqd  the  lowest  50.5,  of 
which  the  mean  is  53^37.  Hence,  the  calculated  is  to  the  merchantable 
weight  a;^  90.71 :  53.593=1 : 0.5908.  The  space  to  receive  one  gross  ton  m 
4l.797xubic  feet. 

The  proportion  of  moisture  obtained  from  analysis  of  specimen  a  was 
0.957,  and  thai  from  b  was  0^955  per  cent.  From  28  pounds,  exposed  for 
three  and  a  half  days  in  the  steaming  apparatus,  were  expelled  8  oiinceSy 
or  1.785  per  cent  of  moisture.  Of  oUier  volatile  ingredients,  besides  mois* 
cure,  a  gave  26.103,  and  b  22.895  per  cent* 

Dr.  King  obtained  from  one  specimen  27.25,  and  from  another  21.5  per 
cent,  of  volatile  matter,  including  moisture.  Hence,  deducting' for  these 
two  the  same  proportion  of  moisture  as  found  in  the  other  specimens,  we 
have  the  yolaiile  combustible  matfer  as  follows : 

Specimen  a  •  -  *  -  26.103 

Specimen  i  -  -  -  -  22.695 

Dr.  King's  C  Specimen  c  •  •  *  -  M.BM 

trials.     ^ Specimen^  .  -  -  .    -  2<K544 

'•     *  lii ■■■! 

Mean       •  -  -  *^  *    2S,9U'    .. 

Of  sulphur,  specimen  b  afforded  0.4271:  per  cent.  .  i 

'  *  "  .".'.•  ,    .  .  .  '  7 
'                                          .           .  ,  J          ■  . 

Four  inciaeratiDBS  of  ^j^cimen  a  fpave  8.72,  and  one  of  b  41.56  peti^ent. 
of  incomboBtible  matter,  of  a  dirty  white  colour,  slightly  tinged  wit)i  jce^i  /^ 
trial  oix  the  purerpUes/c^.A  gave  but  6.2B  peT'ceat 

During  the  trialiB  of  evaporation,  3,834.75  pounds  of  coal  burned,  yicJ^ 
^  of  aabes  S4d.40d,  aoi  «f  olnikar  ^05.84  p<^uid8^  On  r^Q^mir^UioQf 
the  former  lost  7je«6.  pavcent  of  iMi^  weighty  and  Hbe  laiMr  0.95:  pisr  oeiil. 
af«Mi Md4ttst^ i4tec  aU-ifaelrialsythitetW^^ce  obtainfd  .94.75 jpflunds^ of 


'  •  •     *     ^ 


f     V 
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wbki)i  66.49  per  cent  was  incoxnbtistible  matter.    The  three  redootioiis' 
being  nmde,  snow  of  incombustible  matter — 

From  tl^e  ashes,  to  be    .  -  .  •    321.438  pounds. 

Promibe clinker  «        .  -  .  .    203.091      « 

From  the  soot       "        -  -  -  -      23.105      « 


-**■ 


Total        ....    547.634       " 


>  ■ 


"»-». 


This4a  14.28  per  centi  of  the  coalx^onsumedyproving  ttiat  ihe.first  speci*^ 

iBQmattailyee^  was  possessed  of  oonsideTably  less. im|>urity  than  theam^ 
ageioffihe  sample,  add  the  second  of  neaxly  three  times  as  much  as  its  aver- 
se {)ropoxtion.  In  faot^  apecimen  b  is  a. highly.. bituminou^^  8lat3^  of 
wiicn  no  swallvjuantity  occurred  in  the  sample,  showing  a  want  either  of 
skill  or  of  proper  care  in  the  mioipg. 

'Hie  'ciinkerof  this  coal  is  much  vitrified ^  tl|ie  surface  reddish  brown; 
tba  interior,  when  broken^  black ;  masses  of  considerable  miagnitude  occur,. 
irilkBtfftch  shaiy  matter,  variously  colored,  Ughtj  and  porous^  The  clisker 
"ireigUod  29.87  pounds  per  cubic  foot,  the  ashes  40.92,  and  the  soot  25.51 
pounds. 

.  Frilip^ecimen  a  the  composition  is  as  follows,  riz :  , 

Moisture  ......     .0.^57 

Othi5ir' volatile  matter     -  •  -  -  •    26.103 

lanhy  matter    -  ...  .  .  .      a720 

Fixed  carbon      -  -  -  •  ...    64,220 


11i^v6latile  is  to  the  fixed  combustible  as- 1 ;  2/46*' 
From  the  results  of  operations  at  the  furnace,  we  have— 


loa 


re  ^.,.  ^ 


l^Ofisture    .-.--.-      1.J85 
Earthy  matter    -  -  -  -  -.  -    14.28b 

Combustible  matter       -  •  *  -  -    83.935 


100. 


Ifivi^gfanvthat  the  four  analyses  above  made  ^ve  th^  true  proportion^ 
of  gateMii&ucombustible,  the  average  of  the  fixed  carbon  .will  be  83.935 — 
Sd.9M«»Mv976 ;  and  the  volatile  to  the  fixed  combustible  matter  as  1:2.499. 
Tweltfy  gtains  of  specimen  b,  treated  with  1,200  gcains  of  oxide  of  lead,re- 
diiced^add;^  grains,  or  19.695  times  its  own  weight  of  metallic  lead.  A 
repetition  of  the  experiment  gave:  \  9^4  times  its  weight.  . ,       / .       < ; 

In  the  anchor  shop  this  coal  produced  a  good  noUow  fire,  worked  wellr 
imttli^e' a  father  large  omotint  of  eiiider«  The  pieces  of  work  w^ai^  Pot 
i^f  f^^  'm^HJt^de  ais  tot  require  a  lai^  flre :  hence,  the.  fiili<  axbifaitioo  of 
its  power  to  sustain  the  hollow  ccMidition  of  the  fire  was  not  probacy  calljid 

t  '^'Itf the  t^haih  ^shop^^'GO  {MmndsCfrt^viMl  soffibieilt.io.pati&a  V^jA^W 
^^Mi  eMuto.  The  cinder  was* «bimdM(;ithe.teM|MchcUk0i  that  :ef^ 
^MnHeKhitln  coai.  'In  this  shop- tbew  :1a  noiileoassitf  •#  pro(l«uJing«  faollQW 
fire,  the^ends  of  the  links  being  heated  in  close  proximity  with  ttM  tayere. 
In  an  office  ^rate  the  ignition  was  rather  tardy,  owing  to  the  fineoeis 


ofiiit.cMl ;  bul)  w)\€m,opof  i^ited,  the  coke  cohered,  and  a  brisk,  cheerful 
bla^.^^a^  eroitled,  exhibiting  rajtt^er  lees  brilliant  jets  of  flame  than  soooe 
olherflLof  the  Virginia  coals". 

The  tim^  requiifed  to  bring  the  boiler  to  a  nntfbrm  rate  of  action  was  as 
follows: 

h. 


xn. 


1 
1 
1 
1 


15 
00 
13 


First  trial  ...  .  .  .  . 

Second  trial       ^  .  .  -  .  . 

Third  trial  •  .  -  .  - 

FoxHth  trial       ...... 

or  the.  mean  tin^  was  1.158  hour. 

The  quantity  of  unburst  coke  was,  on  an  average,  exactly  six  pounds. 
The  pulverized  and  recalcined  clinker  is  of  a  dark  reddish-gray  cotor,  the 
a^es  lighter,  i^nd  the  residue  of  the  sootstUilightCir  than  that  of  thB  ashes* 
In  cokitig,  this  coal  emits  a  ted  soaoky  flande,  loses  oveiy  trace  of  its  origi- 
nal form^swells  very  much,  and  leaves  a  mass  Jet  black,  shining,  and  fin- 
able. This  is  the  result  of  a  rapid  application  of  heat.  When  put  into  a 
nrafle  perfectly  cold,  of  which  th^  temperature  was  ve^  gradi^lly  raised 
to  Jgnition^  scarcely  any  cohesiori  of  particles  was  produced* 


'•* 


» 
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Date. 


M^31 


Jane   1 
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TABLE  CVIIL— CROUCH 

First  4rial — upper  damper  12  inchu 


Ho«r. 


4.40 
6.16 
636 
7.16 

• 

7.26 


TKMPBKATUIIKS  OF  THB 


8.60 
8.S6 

9.00 
9.30, 

10.00 

10.30 

11.00 

11.30 

p.  ]f. 

0.00 

0.30 

1.00 

1.40 

3.66 

2.30 

3.30 

4.00 

4.46 

6.06 
6.30 


64 
64 
62 
61 

61 


63 
62.6 
61.6 
61 

61 

61 
61 
162 

61 

61.6 

64 

62 

62.6 

62.6 

62 

62 

63 

63 
63 


66 
57 
63 
63 

62.5 


64.6 


6.00 
6.30 

A.  IC. 

4.46 166  1466 


54.6 
63.6 
62 
61 

61 

60.6 

51 

62 

61 

61 

63.6 

61 

61 

51.6 

51 

60.6 

60.6 

61 
52 


I 

< 


108 
108 
102 
100 

107 


•5  b 
it  S 

S 

a 

o 


120 
136 
204 
224 

228 


63 


114 
118 
132 
140 

160 

168 
166 
172 

183 
186 
194 
198 
208 
211 
2181  308 


224 
226 

230 
229 


236 


250 
268 
302 
306 

292 

278 
298 
296 

310 
310 
319 
316 
312 
318 


304 
294 

288 
320 


.9 


64 
64 
64 
64 

64 


282 


17o| 


178 


64 
64 
64 
64 

64 

64 
64 
64 

64 
63 
63 
63 
60 
60 
66 
66 
66 

66 
66 


198 
194 
204 
224 

226 


65 
66 


22^ 
227 
228 
228 

227 

226 
227 

227 

228 
227 
229 
229 
227 
228 
226 
228 
228 

228 
228 


226 


62 


208 


I 


X 


29.70 
29.70 
29.73 
29.76 

29.76 


29.77 
29.77 
29.77 
29.79 

29.80 

29.80 
29.80 
29.82 

29.82 
29.82 
29.82 
29.82 
29.82 
29.82 
29.83 
29.83^ 
29.82 

29.83 
29.82 


0.193 


0.230 


29.83 


0.218 
0.232 
0.245 
0.220 

0.217 

0.224 
0.232 
0.224 

0.240 
0.234 
0.236 
0.236 
0.228 
0.234 
0.228 
0.234 
0,220 

0.224 
0.234 


i 

•Si 


o 


8.66 


826 


0.196 


29.92 


8.40 
8.35 
8.14 
8.39 

8.42 

8.34 
8.26 
8.34 

8  19 
8.24 
8.20 
8.20 
8.30 
8.24 
8.30 
8.24 
8.39 

8.34 
8.24 


I 

.S 

li 

X 


0.16 
Ot^O 
0.26 
0.28 

0.29 

0.35 
0.37 
0.41 
0  37 


tz 


8.62 


0.40 

0.46 
0.43 
0.41 

0.40 
0.41 
0.42 
0.40 
0.40 
0.40 
0.38 
0.39 
0.36 

0.42 
0.41 


170 
420 


846 


0.34 


0.20 


1716 

1900 
2115 
2485 

2916 
3236 
3730 
4380 
4666 
4885 
5676 
6096 
6600 

6775 
6996 


110.50 


109.00 
1416f  106.26 


107.26 


11125 

111.00 

112.76 

106.75 
106.75 


106.00 


7490 
8046 

8049 


Period  of  ftoady  actioii,  from  9A.  46m.  ».  m.  to  6A.  90m.  p.  m.  •«  7A.  45m.t  ooal  Mqffi>^  ^ 
gnto,  762.76  poondst  water  to  boiler,  6,430  pounds^  and  water  to  one  of  ooal,  7.  HO.  Tbtt  rile 
cf  etaady  aotkm  might,  peibqM,  with  neuriy  equal  prapiietjr,  be  tawimed  to  oemaenee  at  8il.  26m. 
fti  in.,  when  the  eeoond  ohaige  had  all  been  placed  on  ^  grate. 
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open;  coking  plate  on;  air  plates  open. 
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g 


I 


h   m. 


7.t6 

8.S5 
9.45 


0.00 

•J 

1.00 
9.0ft 

a.oo 

4.15 


5.30 


%^«v^««»t 


■ 

I 


49 
51.2 
48.7 
44.7 

43.0 


46 
44 

43 
89.4 

^9.4 

r 

87.5 
89.4 
41.1 

89.4 

41 

43 

88.8 

40 

89 

38  8 

8tf.5 

85.5 

87,1 
40.1 

»••• ftt •« 
40jr 


8&4 


i 


i 


i 


I 

•a 


44 
44 
40 
89 

46 


51 
65.5 
70.5 
79 

89 

97 
105 
110 

18S 
184.6 

180 

186 

145  5 

148.5 

156 

168 

168 

167 
166 

170JJ 


115 


-*78 

—68 

±   0 

0 

24 
41 

74 
78 


65 

52 
71 
69 

82 

88 
90 
87 
85 
90 
82 
76 
66 

60 
92 


*^ 


•«,••  ••. ». 


66 


o 


3 


I 

I 
I 


0.772 
1.589 
1.929 
8.012 


REMARK8.— Orate  sarfkee  10.82  square  feet;  kogthof 
circuit  of  heated  gaaea  121  feet;  height  of  chiouM^  68 
feet;  a  steam  pvpe  extending  up  the  chunnqr  to  within 
three  feet  of  top  of  hriok  work* 


1.589 

0.980 
1.189 
1.960 

2  278 
1.696 
2.622 
2.884 
2.129 
l;899 
2.098 
2.225 
1.788 

1.891 
1.899 

2.61^2 


On  the  80th  of  May  a  sheet-iron  pipe,  22  feet  0  j  inch  high, 
was  placed  on  cfaSntn^,  BMking  its  wfaple  height  63  fe^ 
Commenoad  firing. 

Wood  consumedi  188  pounds^  steam  at  equilibrium;  eom* 
menoed  charging  with  coal,  with  second  wei^t  on  vahre. 
Second  weig^  remojtbd  from  valve;  steam  blows  off. 

Air  plates  opened* 

Smoke  16.5  seconds  in  reaching  chimney  top. 


Drew  135  cubic  inches  of  gpaes,  which  gave  0.64  grain 

water;  potash  and  phosphorus  not  ready. 
Drew  137  cubie  in^es  of  gases^  which  gave  0.5  grain  * 

water.     Probably  much  air  escapes  combusioo* 


Smoke  15  second*  in  reaching  chi^nney  Uap. 
Smoke  again  15  seconds  in  reaching  /^imney  tepw 
Smoke  still  15  seconds  in  reaching  chimney  top. 

Placed  28  pounda  of  this  coel.in  drying  apparatusk 
Filled  tank  at  8A.  p.  m. 


Drew  134  enbic  kudbet  of  gases^  whidi  gav«  IjOi  gi8i« 

waiei'. 
l)ew  point,  by  observation,  ZS^, 


Contents  of  ash  pit  thrown  on  grate;  damper  set  at  6  Inches, 
Water  in  bdler  left  1.4  inch  above  normal  level;  air  platee 

closed. 
Water  in  boiler  adjusted.  \ ' 


RESIDUA. 


Clinker  • 
Ashes  . 
Ashes  and  clinker 


grale 


Total  clinktf  and 
Bedaet 


Total  waste  from  cod 


68.00 

87.00 

7.80 

160:80 
0.677 

160.228 


Coke 


4.15 
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TABLfi  CIX,— CH0UOH' 
Second  triai-~upper  damptr  6  inohatoptn; 


.    Vma^fS  Me»Aj  utioo.  fron  9h.  aOm.  ».  m.  t«.3i,  Sftm.   p.  m-wU.i  «(m1  nqiflM  to  tbi 
nM!V^^-illBB>»i  Wain  to  b«ler  in  Am  Mme  timf,  4,610  Itn.i  liemx,  wdRbt  1  W«od  lor  Hui 

periia,  i.m. 
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kingpjaie  on;  air platta  removed. 


i 


6.45 
7.00 


i  P-^ 


. 


\  31.8 
31.8 

31^ 

31.0 


35.£ 
33,1 

10,001  $4^  130 

34.6  134 

$S»«  141 

11.30   33.6  148.5 


0.20 
1.30 
S.15 

8.30 


••''(- 


4kl 
37.1 
414 
40.7 

46^1 


4SU 
32.7 

34.7 


115 
97 

.102 

•  •  •  •  •  f , » 
i02.6 


3)^  103 
106 
112 


<«; 


^§ 


t3- 


39 


^^t 


-^36 


+17 
53 
76 
82 


152 
162 
169 
179 

187 


190 
200 

133 


114.7!  t3I 


73 
82 
86 
88 

84 
80 
83 
79 

96 


3i 


0.906 

U3.25 
2,225 
1.669 


95 
59 

—29 


1.854 
1.351 
3.:225 
2.172 

l.S^W 
1.801 
^305 
2.198 


•2.039 


3.046 
1.351 


>im^ 


REMARlOSi—OHe  6tir£ieeld.3^  efti^  Mi  httgtii  k  eir- 
cu$  of  heaied  gaiies  121  ^^^  height  of  <ilimiej  63  feetf 
cokuig  plate  1  ^  indbes  wide.  * 


.»' 


Commenced^ring. 

M^)od  consumed,  131^  lbs.;  steaU  at  eqiiiMbi{\iMD^  cdnu^eneed 

ctuujgifig  with  coal* 
8team  blows  oft    . 


Bnipke  ^8  seoo^  (n.ieachiiig  chintiMy  tq>{  s^fphoQ  0.38. 
SiiialK  iumace  dainpe^  bloeed^  tmiDke  19  aecottdii  In  mduiig 

jijuQUiey  lop;  siphon  0.36. 
Fille4  .tank;   smolce  21  secontda  in  reachiiig  dddih^  top; 

flyphon  0.36. 


8moke  21  aeconds  In  reacMngdilnuiey  topt  fypliob'0.36. 


Exlra,  wdght  rejnoireSi  from  bcKJc  tbIt^i  diMUgKt  la  {h«reby 
reduced,  aa  seen  in' the  column  fot  syphon* 


Dunng  t&ia  expeiiment,   the  weathel^  delF;    l^ftd  NW.» 

brisk.,. 
Filled  tank  at  3%.  20)ii.  {  amoke  18  seoondr  in  fiidSng  cbim- 
J    Wtopj  8yp!wm0.38, 
Ccnt^tsof  aa^  pit  miown  w'ighstk* 
Water  in  boO^  left  at  0.0  Inck^bdw -nonatf  kvdl 

Water  in  boiler  found  at  6.7  inch  below  nonnal  level. 
Waterio  boiler  adjusted.  , 


t  ( 


RESIDUA. 


Clicker       • 

Ashea 

Ashes  and  eHnker  behind  bridge 


Beduet  wood  ashea  - 
Telal  waste  from  coal 


Pocifuli. 
62.75 
76.626 
7.04 

136.416 
0.406 

136.010 


C«k« 


4.36 
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TABLE 'ex.— GROUCH 
Tkird- trial — fower  damper  6  incftet  open/ 


^1 

1 

1 

si 

ii 

1 

176 

s 

% 

JnMt 

B.08 

44 

41 

171 

84 

301 

S0.S8 

0.30 

6.30 

SO 

46.5 

168 

84 

»8 

30.36 

0.302 

8.66 

0.86 

106.60 

7.00 

u 

49 

180 

440 

84 

836 

'. 

30.86 

0.333- 

8.36 

0.37 
0.8S 

877 

1D5.00 

'^ao 

w" 

m" 

16S 

619 

ee" 

"8»7 

..„. 

'30.if6 

oVsV 

8.U 

8.00 

60.5 

6S 

166 

86 

336 

30.88 

0.347 

8.10 

0.40 

697 

8.80 
900 

B1.6 
61 

50 

178 
180 

65 
65 

838 

30.36 
30  28 

0.337 
0  343 

8.31 
8.16 

0-88 

1089 

108.60 

0,40 

ilB7 

""1" 

0.30 

es.5 

si.e 

185 

64 

836 

30.28 

0.340 

8.18 

0.89 

1773 

mM 

10.00 

sa 

61 

lOS 

6t 

8S8 

30.38 

0.334 

8.33 

0.39 

3187 

10.45 

63 

61 

SOI 

64 

338 

30.36 

0.338 

8.30 

0.40 

8847 

108.00 

11.10 

63 

63 

306 

63 

336 

ao.ss 

0.833 

8.34 

0,39 

8987 

11.80  84 

68 

S06 

- 

88 

836 

- 

80.34 

0.226 

8.33 

0.38 

3307 

108.76 

'oM  66 

61 

810 

_ 

63 

336 

_■ 

30.33 

0.236 

8.32 

0.38 

3643 

_ 

0.3S  86 

65 

813 

63 

337 

30.33 

0.333 

8.35 

0.41 

3897 

1.15  87 

66 

S17 

63 

327 

30.19 

0.230 

8.87 

0.40 

4417 

104.76 

::':^t'. 

56.6 

SSO 

- 

63 

337 

- 

30.18 

0.337 

8.31 

0.40 

49(7 

105.76 

Mb  SBji 

56 

230 

"-" 

63 ' 

336 

■"l" 

■»:V4 

0.'208 

e.sb" 

0.36 

"iii'i' 

......... 

_ 

- 

_ 

, 

. 

. 

- 

_ 

6493 

- 

«.  x.\ 

JumS 

4.30  68 

61 

187 

166 

64 

204 

89.06 

0.14 

6497 

4.40  SB 

61 

198 

166 

64 

196 

39.66 

" 

0.14 

6739 

- 

From  8A.  SOm.  ■.  m.  to  Ih.  66nt.  p.  m.  ^  8A.  8 
Csal  anppUid  to  the  gate,  630  lb*,  j  water  to  the  bmh 
period,  7.487. 
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caking  plate  and  air  plates  removed. 


0.46 
l.d5 


RBMARK8 — Gnte  wubute  16.26  aquan  iMt$  length  of 
circuit  of  healed  gases  59.5  feet;  hei^tof  duomy  68  feet. 


1.016 
3.906 
2.297 


43.4 
45.0 
46.5 
46.5 


46.0 


67.6 
57.5 


145 
147 
150 
151.5 


161.6 


131 
181 


—  38 

—  80 


1.162 
3.955 
2.872 
2.122 
2.823 
3.322 

2.818 
1.513 
2.647 
2.543 


1.799 


Commenced  firing. 

Wood  coosomed,  161^  lbs.;  steam  at  eqnilibrinm;  com- 
mencad  charging;  steam  blows  off  at  6^.  50m.  a.  m.; 
lower  damper  set  at  6  inches  at  7h.  15m.  a.  m. 

Smoke  18  seconds  in  reaching  chimney  top; -syphon  0.38. 

Wooden  support  of  thermometer  in  the  escaping  gases  took 
fire,  causing  the  instrument  to  burst;  the  mean  tempera- 
ture is  assumed  to  be  that  of  the  last  recorded  observatioD» 
5120. 

Smoke  12  seconds  in  reaching  chimney  top;  syj^on  0.40. 
Filled  tank  at.lOik.  50m.  a.  m. 

Smoke  13  seconds  in  reaching  chinmey  t<^;  syphon  0.38. 


Smoke  13  seconds  in  reaching  chimney  top;  syphon  0.40. 


Contents  of  ash  pit  thrown  on  grate;  wind  all  day  from 

W.  to  SW.;  dear. 
Water  in  boiler  left  at  0.45  Inch  above  normal  level. 

Water  0.6  inch  below  nonnal  level. 
Water  in  boiler  a4justed. 


RESIDUA. 


Cfinker     -  • 

Ashes 

Ashes  and  clinker  behind  bridge 


Deduct  wood  ashes 
Total  waste  from  coal 
Coke 


36,75 

83.50 

6.20 

126.45 
0.495 

125.955 

11.60 
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TABLE  CXI.— CROUCH 
/buWA  trial — vpper  damper  6  inches  open ;  airpiatea 


^5 


k_ 


§^ 
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cuit  of  heated  gaaes  131  feet;  height  of  chimnty  6$  ftat. 


■MMiMpai^ 


11.40 


1.00 
S(.05 

3.00 
4.00 


5.dO 


63.8 


63.8 
66.3 
66.7 
64.9 
65.3 

67.2 
66.5 
66.0 
66.6 
66.9 

66.5 


183 
136 
138 
145 
161 

163 
168 
176 
178 
183 

178 


66.9 

68.4 
60.6 


166 

133.6 
138 


90 
86 
88 
95 

83 

89 
94 
79 
78 
86 

93 


3.198 
0.450 
1.351 

L836. 
3.401 


76 

—  34 

—  34 


0.907 
.3.676 
I  377 
3.263 
L828 

1.308 

3696. 

1.776 

1.335 

3.336 

3*633 


Water,  at  no^nuil  level  iaWler, 

.Commenced  firing. 

Wood  coKiaumed»  160^  lbe.{  «team  at  e<miiiJ^ni^com- 

'  moDced  chArgifig.  wUh  coaL 

Steam  blowing  ofl(  wind  8W.,  hriak;  clear. 

Aic.pMes  ipfMned;  Ujpper  dao^per  9et  at  6  ificiief;  %:fniaU 

.  portion  of  mercury  in  the  upper  portion  of  the.  ^ergmne- 

ter  in  boiler  diecovered,  and  rejoined  to  die  feat  i  Jhrew 

134  cubic  in.  of  gaaea^  which  gave  1.10  grain  ef  wftter. 
Wind  boiateroua>  SW*{  no  amoke  reaching  «h¥>^^  ^Pi 

filled  tanl^  at  lU.  Om,  a.  m. 
Drew  133  puhic  inchea  of  gaaea  at  lOA.  45m.,..  vfhiqb  gave 

1. 14  grain  of  water,  and  6.614  graina  of  caicbpnic  acid. 

Sky  overcaat)  wind  SW.,  modetate;  coal  frlUjwtfjdly  through 

Iprate,, being  .Tory  fine. 
Smoke  18  eeconda  in  reaching  chimney  top  at  0^  lOnf*  p.  m. 
Smoke  30  seconda  in  reaching  chinmey  top.at  0^^4^'^ 

at  Oh.  50m.  it  was  30'^6;  at  1  A.  Om.  W.^i  tried  again* 

itwaa30i^'.6^clottdingup»  withthundecf  wii^OW^^Hriak; 

at  3A.  30m.  p^  m.  amoke  34  aecond^iaxeach)ogc))$maey 

topi-syphon  0.83. 
Commenced  raining  at  3A.  30/ii.  p*  m. 
T^n^ieniUiDe  df  open  air  69^. 
Ceaaed  raining^  <wind  S  W, 
Coal  in  drjpng  upparatus  weighs  37  Ibe.  8  oz^ 
Filled  tank;  smoke  30  aeconda  in  reaching  qibiin»y  top; 

syphon  026. 


1.841 


Air  platea  ckteedi-  opntente  of  ash  pijt  oa  sratfB^  vaft^feft  0.7 

inch  above  .nocmal  level  at  6A.  p.  m. 
Water  Ul^  inch,)^w  normal  Wd. 
W«ter  in  bpiler  ^^l^usted. 


jg^3U)UA. 


•Oteker      • 

Ashes 

Ashes  behind  Mdge 

"notal  of  dimlami  aahee 
•IMbct  wood  arfies  • 


•ISotal 
Soot 


.  69.00 

,  71.36 

6.96 

187.31 
.    0.49S 

1 186.718 

.  8.87 

*» 

8i.7i 
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TABLE  OXIL— DEDUCTIONS 
JBxperimenii  on  Crouch 


J 

9 

3 

4 
5 

e 

7 

8 

9 

10 

1 

12 
t3 
14 
16 

16 

17 
it 

19 

30 
dl 
23 

28 
24 
26 

26 
27 

28 

29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

41 

42 
48 
44 
45 
46 
47 


PUture  of  the  data  furniibed  bj  the  rMpecthre  tables. 


Total  duratioii  of  the  experiment,  in  hoara 

Doration  of  steady  action^  in  hears         .  .  . 

Area  of  grate,  in  square  ieet       .... 

Aiea  of  heated  sui&ce  of  boiler,  in  square  Aet 
Area  of  boiler  exposed  to  direct  radiation,  in  square  feet  - 
Number  of  diarges  of  coal  supplied  to  grate 
ToUl  weight  of  coal  supplied  to  grate,  in  pounds 
Pounds  of  coal  actually  consumed  ... 

Pounds  of  coal  withdrawn  and  separated  after  trifd 
Mean  weight,  in  pounds,  of  one  cubic  foot  of  coal 
Pounds  of  coal  supplied  per  hour,  during  steady  action     - 
Pounds  of  coal  per  square  foot  of  grate  surface,  per  hour  - 
Total  waste,  ashes  and  cKnker,  from  100  pounds  of  coal  - 
Pounds  of  clinker  alone,  from  1 00  pounds  of  coal 
Ratio  of  clinker  to  the  total  waste,  per  cent 
Total  pounds  of  water  supplied  to  the  boiler 
Mean  temperature  of  water,  in  degrees  Fahrenheit 
Pounds  of  water  supplied  at  the  end  of  experiment,  to  re- 
store level        ------ 

Deduction  for  temperature  of  water  supplied  at  the  end  of 
experiment,  in  pounds  .  .  .  - 

Pounds  of  water  evaporated  per  hour,  during  steady  action 
Cubic  feet  of  water  per  hour,  during  steady  action 
Pounds  of  water  per  square  fijot  of  heated  surftce  per  hour, 
by  one  calculation       -  -  -  -  - 

Pounds  of  water  per  sq.  foot,  by  a  mean  of  several  observations 

Water  cvap.  by  1  of  coal,  from  initia]  temp  ,  (a)  final  result 

Water  evaporated  by  1  of  coal,  from  mitial  temperature,  (b) 

during  steady  action    ----- 

Pounds  of  fuel  evaporatmg  one  cubic  foot  of  water 
Mean  temperature  of  air  entering  below  ash  pit,  during 

steady  pressure  -  -      •»     - 

Mean  temp,  of  wet  bulb  thermom.,  during  steady  pressure 
Mean  temperature  of  air,  on  arriving  at  the  grate 
Mean  temperature  of  gases,  when  arriving  at  the  chimney 
Mean  temperature  of  steam  in  the  boiler  ... 
Mean  temperature  of  attadied  thermometer 
Mean  hei^t  of  barometer,  in  inches        .  .  - 

Mean  number  of  volumes  of  air  in  manometer 
Mean  height  of  mercury  in  manometer,  in  atmospheres    - 
Mean  height  of  water  in  syphon  draug^  g9Qge,  in  inches 
Mean  temperature  of  dew  point,  by  calculation    - 
Mean  gain  of  temperature  by  the  air  before  reaching  grate 
Mean-  difierence  between  steam  and  escaping  gases 
Water  to  1  of  coal,  corrected  for  temp,  of  water  in  cistern 
and  boHer       -.-.... 

Water  to  1  of  coal,  from  212^,  corrected  for  temperature 
'  of  water  in  cistem  and  boUer    •-  •  .  . 

Pounds  of  water,  from  212^  to  1  cubic  foot  of  ooal 
Water,  from  2 120,  to  1  lb.  of  combustible  matter  of  Oie  friel 
Mean  pressure,  in  atmospheres,  sdwve  a  vacuum  - 
Mean  pressure,  in  pounds  per  sq.  inch,  above  atmoephere 
Condition  of  the  mirplatee  at  the  ftimace  bridge  -- 
Inches  opening  of  damper,  (U.  upper,  L.  lower)  - 


1st  Trial 
CntbkCVUL) 


May  31. 

24  081 
7.75 
10r82 
377.5 
14.4189 
10.0 
1090.0 
1086.85 
4.15 
54.529 
98.419 
9.091 
13.828 
6.2101 
37.675 
8049.0 
640.8 

4.0 

0.0 

700.645 

11.21 

1.856 
1.804 
7.409 

7.119 
8.4357 

62*08 
510.55 
1810.9 
299*.42 
2270.47 
6OO.O 
29.809 
8.291 
0.229 
0.4053 
390.9 
1190.82 
760.61 

8.4949 
46a  19 
9.8581 

6.0158 
Open. 
U.     12 


2d  Trial. 


Junt  1. 

23.417 

6.0 

13.89 

377.5 
17.42 
9.0 
967.76 
968.87 
4.88 
53.764 
107.875 
8.056 
14.117 
5.6379 
39.225 
7994.0 
630.1 

2(8.0 

35.0 
768.38 
12.29 

2.03d 
1.976 
7.635 

7.131 
8.8946 

600.23 
490.66 
2000.61 
3020.08 
2260.77 
580. 0 
30.089 
8.287 
0.229 
0.8633* 
360.40 
1400.38 
%^M 

7.669 

8.6963 
464.48 
10.0088 
1.4168 
6.1476 
RMBOved. 
U.     6 
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FROM  TABLBS  CVIII,  CIX,  CX,  CXI. 
^  SneatPt  coal. 


I  386  ] 


P 

i 
f 


N 


3d  Trial. 
{TabU  CX.) 

S3. 533 
6.417 
16.86 
38T<a 
21.65 

80 
846.0 
834.40 
11.60 
^S.876 
97.84 
6.002 
16.086 
4.4751 
39.655 
5738.0 

862.0 

36.0 
738.64 
11.78 

8.552 

2.6877 

6.836 

7.487 
9.1437 

63^.83 
62<».7 
19.'i«.64 
618«.0? 
88r>.23 
61^.0 
30.248 
8.234 
0*934 
0.394 
41«.52 
138<>.3l 
884^77? 

6.8181 

7.8044 
4)8.50 
9.1855 
1.4339 
6.4087 


L. 


6 


4tb  Trial* 
{TabU  CXI.) 


June  3. 

27.0 
8.50 
16.86 
377.6 
31.65 
.  9.0 
954.5 
95063 
3.87 
53.027 
87.47 
5.382 
14.381 
6.3613 
4'»  531- 
712-..0 
670.0 

662.0 

75.0 
696.119 
11.376 

1.8423 

1.841 

7.413 

7.969 
8.4311 

78°.  27 
68<>.94 
220°.  59 
319<>.12 
333°.  18 
75°.  0 
29.889 
8.455 
0.8138 
0.2863 
64°.  71 
148°.32 
87°.  06 

7.4375 

8.4846 
448.91 
9.9096 
1.4138 
6.0874 

Open. 

U.    6 


Averages. 


6.0 
63.648 
97.901 

7.133 
14.3405 

5.8711 
37.523 


734.408 
11.649 

2.0713 

7.398 

7.421 
8.576 


199°.66 
306°.  873 


0.3695 

133°.71 
81°.78 

7.398 

8.8448 
446.02 
9.7403 
1.4174 
6.1649 


Reinarkff. 


On  the  3d  trial,  the  products  of  combostioii  pawed 
•^  into  the  chinmey  through  &e  lower  damper,  and^ 

conaequently,  without  making  the  eurotut  round 

the  boiler  by  way  of  the  external  flue. 


On  the  day  of  the  8d  trial,  when  the  combaetioa 
moat  rapid,  a  brisk  northwest  wmd  prevailed. 


The  last  observed  temperature,  on  the  3d  trial,  is 
the  one  assumed  for  that  of  steady  action,  though 
it  is  not  doubted  that  the  temperature,  during  some 
parts  of  the  day,  rose  higher  than  the  point  of  5 1 8^. 
As  the  gases  had  already  passed  nearly  60  (eet  in 
contact  with  the  boiler  and  flues,  it  had  traversed  a 
longer  ooune  than  is  often  given  to  the  flues  on 
board  of  steam  ships.  The  latter  frequently  make 
their  chimneys  red  hot,  or  about  1 1 00°. 


In  the  dd  trial,  theetapoative  efficiency  of  the  pound 
of  combustible  matter  appears  to  have  been  afl*eole(L 
by  the  burning  with  the  lower  damper  open,  and 
the  escape  of  ti^e  products  of  combu<ftion  at  a  tem- 
perature of  512°,  (as  seoi  m  line  30,)  instsad  of 
about  807°,  the  mean  temperature  kt  which  i  es- 
caped in  the  other  three  trials,    . 
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No.  3. 

JBiiuminous  coal  from  the  mines  of  the  Midlothian  Coal  Company^  taken 

from  a  shaft  900  feet  deep. 

This  sample  was  not  accompanied  by  any  written  description,  except 
Ibe  labels  on  the  casks,  which  indicated  the  origin  above  described. 

It  is  externally  characterized  by  a  lustre,  either  dull,  resinous,  or  shiningi 
according  to  the  faces  which  are  observed.  The  main  partings,  at  right 
angles  to  the  surfaces-  of  deposition,  are  usually  shining;  those  surfaces 
themselves  are  dull  or  resinous,  but  polished  portions  sometimes  occur, 
giving  the  impre^ion  of  having  been  rendered  smooth  by  intense  pressure 
and  a  sliding  motion. 

In  the  parting  seams,  thin  plies  of  carbonate  and  of  sulphate  of  lime  fre- 
quently occur. 

The  specific  gravity  of  two  specimens  of  this  coal  which  I  analyzed  was 
for  a,  by  twotrials,1.5l  I ;  and  for  i,  1.2889 — theformer  giving  for  the  weight 
of  a  cubic  foot  of  solid  coal  in  the  mine  94.435,  and  the  latter  80. 66^  poundi; 

By  the  mean  of  34  trials  in  the  charge  box,  the  weight  of  a  cubic  foot,  in 
the  state  in  which  it  was  received,  was  50.518  pounds  ;  the  highest  being 
53.375,  and  the  lowest  48.375  ;  of  which  two,  the  mean  is  51.375  :  so  that 
the  actual  is  but  0.5349  of  the  first  calculated  weight,  and  0.6263  of  the 
second. 

The  space  required  for  the  stowage  of  a  ton  is  44.341  cubic  feet. 

In  the  steaming  apparatus,  28  pounds  lost  5i  ounces, or  1.1719 percent, 
of  moisture. 

The  volatile  matter,  including  moisture,  in  specimen  a  was  27.06,  and 
that  in  b  29.84  per  cent. 

The  ELshes  of  a  are  21.25  per  cent.,of  a  chocolate-brown  color;  and  those 
of  ft  6.08  per  cent.,  of  a  reddish  gray. 

Bringing  together  these  results,  we  find  them  as  follows  : 

Spedmea  a.  SpecioMii  b* 

Specific  gravity  -  -  -  -  .     1.511  1.2889 


Moisture            .  -  •  .      l.i719  1.1719 

Other  volatile  matter  -  -  -  25.8881  ^  28.6681 

Elarthy  matter    .  ,-  -  .  21.2500*  6.0800 

Fixed  carbon      -  .  -  -  51.6900  64.0800 


100.  100. 


Volatile  to  fixed  combustible       -    1 : 1.996  1 :  2.235 

During  thi^e  trials  on  evaporation,  the  quantity  of  coal  actually  con- 
sumed was  3,417.5  pounds ;  and  the  amount  of  ashes  yielded  was  143.75 
pounds,  weighing  53.51  pounds  per  cubic  foot;  of  clinker  221.75  pounds^ 
weighing  43.37  pounds  per  cubic  foot;  and  14.2  pounds  of  sooty  of  which 
5.74  pounds  made  a  cubic  foot. 

The  clinker  is  in  lumps  of  a  large  size,  black,  and  porous,  with  some  ten- 
dency to  spread  into  sheets,  tenacious  and  compact,  embracing  but  little 
light-colored  shaly  matter. 
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By  complete  reduction  of  the  combuslible  matter  of  these  three  residua, 
the 

^shes  lost    9.687  per  cent.,  leaving  129.82  pounds. 
Clinker'^     0.000       '\  "         221.75       « 

Sooi       «   56*630       ''  "  6.13       « 


Total  absolutely  incombustible  matter==357.70      '* 


And  this  is  10.467  per  cent,  of  the  coal  burned. 
Hence  the  sample  was  composed  of — 

Moisture  (from  28  pounds)       -            •            •  -1.1719  per  cent. 

Other  volatile  matter  (from  mean  of  two  specimens)  -    27.2781      " 

Earthy  matter  (from  3,417.5  pounds)     .            -  .     10^4670      " 

Fixed  carbon  (calculated  by  difference)             -  .    61,0830      «< 

100. 


Hence  the  volatile  is  to  the  fixed  combustible         1 : 2.239 

The  reincinerated  or  calcined  cUnker  produced  a  light  brown  powder, 
gaining  slightly  in  weight  by  the  treatment. 

The  ashes  gave  a  reddish  gray  residue,  and  the  soot  one  of  a  dark  fawa 
color. 

Twenty  gamins  of  specimen  ft,  with  the  oxide  of  lead,  yielded  600.7  grains 
of  metallic  lead,  equal  to  25.035  times  its  own  weight.  Deducting  the 
moisture  and  earthy  matter,  (7.252  per  cent.,)  the  lead  to  1  of  combtisiib(fi 
is  26.993. 

In  the  chain  shop,  60  pounds  were  sufficient  to  put  in  8  links  of  a  chain 
1^-inch  in  diameter.  In  the  common  smith  work  of  the  anchor  shop,  it 
was  observed  to  prdduce  a  fair  hollow  fire ;  gave  a  clear  white,  but  short 
flame ;  affording  a  good  heat  for  welding  iron  and  steel  together,  which  was 
the  work  in  hand  at  the  time  the  trial  was  made. 

The  sample  was  in  rather  too  fine  a  state  for  use  in  an  office  grate,  but 
by  a  little  management  it  gave  a  brilliant  and  active  fire.  AAer  the  coal 
has  become  well  heated,  brilliant  jets  of  flame  are  frequently  emitted. 

The  coke  is  of  a  coherent  intumescent  character,  occupying  considerably 
ntore  space  than  the  coal  from  which  it  was  formed. 

The  average  time  required  by  this  coal  to  bring  the  boiler  into  uniform 
action^  was  1.383  hour. 

The  average  weight  of  unburnt  coke  was  5.917  pounds. 
By  reference  to  (he  table  of  deductions,  it  will  be  observed  that  the  pro« 
portion  of  clinker  to  the  ioial  waste  derived  from  this  coal  was  more  than 
60  per  cent. ;  which  might  readily  indicate  the  probability  of  its  offering 
considerable  obstruction  to  the  combustion,  especially  after  a  few  hours* 
operation.  Such  was  the  fact ;  masses  or  plates  15  or  18  inches  in  diame- 
ter were  drawn  out. 

When  not  impeded  by  an  accumulation  of  clinker,  the  combustion  is  free, 
with  a  large  red  smoky  flame.  The  clinker  has  some  tendency  to  adhere 
to  the  grate  bars,  and  keep  them  at  a  cberry-red  heat,  which  induces  warp* 
ing  and  displacement. 
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TABLE  CXIII.— MIDLOTHIAN 
First  trial — upper  damper  8  inches  open ;  air  plates  open ; 


s   . 

^ 

•% 

II 

1. 

\ 

11 

ll 

%> 

V^ 

% 

tti 

» 

^ 

<                                                                      ' 

0.15 

. 

0.30 

- 

0.39 

- 

98.00 

0.27 

. 

98.011 

0.90 

60 

- 

0.*5 

308 

90  00 

0.36 

'  IMO 

....y 

0.36 

1563 

0,38 

1990 

96.76 

0.35 

U30 

97.75 

0  33 

3936 

lOI.SO 

0.3S 

3SD0 

99.0C 

0.3G 

4407 

99.ra 

0.38 

4837 

_ 

0.37 

6507 

I00,7S 

0.39 

5971 

97.60 

0.36 

B49S 

0.40 

687S 

lOiTas 

0.*0 

7393 

0.40 

7S3G 

9800 

o'^ 

'8356 

0.31 

8673 

0.30 

9110 

- 

0.34 

9110 

<                                                            1 

o.ao 

9ie« 

-_ 

Period  or  itetdy  action,  bam  Ih.   Mm.  a.  m.  U>3A.  lOn.  p-  m.  =  7i.  t6m,;  oo*)  Rtji^ied  U 
tfaegrtle,  89S.M  Ibs-i  natec  to  thsboiler,  7,333  Ibi.j  w»tw  t»  1  of  ««d,  8.  lOf. 
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(90O  FEET  SHAFT)  COAL. 

Steam  thrown  out  at  both  valves^  and  small  furnace  in  action. 


REMARKa^Grete  surface  14.07  ftqaare  feet;  kmgth  of 
circuit  of  heated  gaset  121  feet;  beight  of  chimney  63  feet 


Water  brought  to  0.2  inch  below  normal  leyel{  lighted  fire 

at  4^.  27m.  a.  m. 
Valves  double  weighted;  small  furnace  lighted  at  6A.  42m.; 

water  at  normal  level  at.  2 12^. 
Wood  cousumod,  149^  Ibe.;   commenced  charging  ^Hth 

coal;  wind  NW.,  brisk^  dear. 
Steam  allowed  to  escape  from  front  valve  by  removing  second 

weighlf  water  0.28  inch  above  normal  level. 
Air  plates  opened  at  7A.  10m. 

Second  weight  removed  from  back  valve,  to  prevent  any  iu- 
termixtore  of  water  wi&  the  eacaping  steam. 


Wind  W.,  brisk;  dear. 

Placed  28  lbs.  of  this  coal  in  kettle  to  dry. 
Filled  tank  at  1  \h.  25m. 


Filled  tank;  removed  from  grate  a  quantity  of  clinker  in 
large  sheeti^  which  had  much  impeded  combustioa;  grate 
bars  cherry  red. 


Air  plates  closed,  and  contents  of  a^  pit  thrown  on  g^te. 

Clear  day*  wind  NW.,  brisk.  \ 

Damper  set  at  2  inches;  water  0.9  inch  above  normal 

level. 
Water  left  at  0. 10  inch  above  normal  levd. 

Water  in  boiler  adjusted  for  temperature. 


REsrouA. 


Clinker 

Ariies 

Ashes  behind  bridge  - 

Deduct  wood  ashes  - 
Totd  waste  from  cod 
Coks 


Poundt. 
78.00 
40.00 
4.50 

122.60 
0.458 


-     122.042 


5.86 
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TABLE  CXIV.— MIDLOTHIAN 
Second  trial — upper  damper  8  inches  open;  air 


Date. 


Oct.  11 


'Oct.  la 


Hoor. 


O 


a*  f7t« 

A.  X. 

6.33 

7.25 

7.66 
8.30 


9.00 

9.30 
10.00 
10.45 
11.15 
11.45 

p.  M. 

0.15 
0.45 
Li5 
1.45 

S.30 
3.16 
3.45 
4.20 

4.46 


5.03 
6.05 
8.50 

A.  M. 

5.05 
5.30 


TXXPXBATUmBa  OF  TIB 


•a 


51 

525 

53 
56 


Is 


Co 


50 

50 

51 
53 


60 

62 
62 
[64. 
67 

68 

71 
71 
75 
77 

79 
77 
78 

78 

76 


75 
67 
68 

58 
57 


55 

56 
57 
57 
59 
60 

62 
62 
64 
G5 

66 
65 
65 
64 

64 


62 
69 
60 

55 
56 


•I 


189 

167 

166 
170 


178 

195 
216 
233 
248 
254 

261 
265 

277 

2841 

296 
306 
310 
316 

323 


330 
328 
319 

240 
236 


a 

9 


S 


J  ^ 


183 

246 

245 
817 


333 

334 
336 
345 
341 
345 

355 
351 
334 
335 

358 
368 
366 
363 

362 


828 
278 
223 

196 
195 


S 


63 

63 

63 
63 


63 

63 
63 
63 
60 
60 

60 
60 
60 
60 

60 
65 
65 
65 

65 


66 
65 
66 

65 
66 


S 


< 


215 

231 

232 
232 


231 

231 
233 
233 
233 
234 

234 
234 
233 
233 

233 
233 
234 
234 

234 


2.33 
232 
230 

224 
222.5 


55 

54.5 

55 
56 


§ 


-6 


29.92 

29.93 

29.94 
29.94 


56   29.94 


58 
60 
61 
62 
64 

65 
66 
67 
69 

70 
71 
71 
71 

71 


29.94 
29.96 
29.95 
29.94 
29.94 

29.94 
29.93 
29.93 
29.93 

29.93 
29.93 
29.93 
29.93 

29.93 


I 

•s 


0.386 

0.665 

0.583 
0.560 


6.69 

4.93 

4.76 
4.98 


0.548  *  5.10 


71 
69 
66 

60 
59.5 


29.92 
29.92 
29.94 

29.86 
29.86 


0.548 
0.561 
0.550 
0.541 
0.550 

0.548 
0.641 
0.648 
0.637 

0.646 
0.545 
0.550 
0.553 


0.540  5.17 


5.10 
5.06 
5.081 
5.16 
5.07 

5.10 
5.16 
6.10 
5.20 

5.12 
5.12 
5.07 
5.04 


C.533 
0.523 
0.500 

0.468 
0.453 


5.24 
5.34 
6.56 

6.86 
6.02 


0.201 

0.28 

0.30 
0.40 


0.36 

0.36 
0.35 
0.36 
0.35 
0.35 

0.35 
0.34 
0.32 
0.31 

0.32 
0.34 
0.31 
0.32 


A 


264 


730 

1154 
1480 
2045 
2615 
3117 

3367 
3877 
4547 
4937 


5421 
6277 
6666 
7153] 


0  21 
0.20 


0.327711 


0.308105 
0.288270 
0.258435 


8437 
8537 


^ 


102.60 
106.75 


102.85 


103.00 
102.50 

99.50 

99.50 
102.00 

96.75 

101.75 
104.25 


Period  of  fteady  action,  firoin  8A.  56m.  a.  m.  to  3A.  55m.  p.  m«6A.  69m.  Coalfopplied  to 
grate,  809.25  lbs.;  water  supplied  to  boiler,  6,066.47  lbs.;  water  to  1  of  ooalfor  that  ipace.of 
time,  7.496. 
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REMARKS. ~^ate  snifrce  14.07  square  fiiet{  leogtii  «fV 
cbeuit  of  heated  gases  121  feet;  he^  of  dumney  68 


11.00 


64.8 


11.69 

0.48 
!l.00 

3.80 

3.19 
3.66 


#»•! 


66.2 
66.2 
67.7 
68.6 

69.4 
68.6 
68.1 
66.2 

67  2 


64.0 
63.0 

64.3 

52  2 
63.1 


too 

194 
202 
207 

217 
229 
232 

238 

246 


265 
261 
251 

• 

182 

179 


Morning  clears  wind  £.,  light;  commenced  firing; 

0.06  inch  bdow  normal  leveL 
Wood  ccmsomedy  104J  lbs.;  comuMuoed  charging 

coal;  water  0.2  inch  above  normal  levd. 
Second  weight  removed  from  front  vahe;  steam  blowB 
Steam  allowed  to  escape  from  back  valve. 


121 
117 
101 
102 

126 
126 
132 
129 


128 

89 
46 

-  7 

-28 
-27.6 


2.246 
1.727 
1.996 
3.019 
2.659 

1.324 
2.702 
3.549 
2.066 

1.709 
8.023 
1.626 
2.670 


3.648 

3.131 
0  437 
0.169 


Wind  8W.,  light;  dear. 
Filled  tank  at  lOh,  68m.  a. 


m« 


Clinker   removed,  being  heavy  and  dark  colored^    

spreading  oVer  the  grate,  to  which  it  adheres  aligfallj, 
tending  to  heat  the  bars  and  inqpede  oombnstion;  filai 
tank  at  3A.  8m.  p.  m. 

Grate  bars  cherry  red;  much  smoke  from  chimn^  to-i^. 

Contents  of  ash  pit  thrown  on  grate;  dampersetat4  indMa. 

Water  left  at  0.7  inch  above  normal  kvd. 
Water  now  0. 15  inch  above  normal  level. 
Doable  wdghted   safety  valves;    dosed  damper  and  wk 
port. 

Water  in  boiler  adjusted. 


_         .                                                   RBSIDITA.  PcmiMb. 

Clinker         ---..-....  66.74 

AAcs 46.7S 

Ashes  bdiind  bridge-            ........  4.IS 

1-* 

Tot  il  ashes  and  dinker          ..            .            .            .            .            •            .  116.11 

Deduct  wood  ashes    .........  O.St 

Total  waste  from  coal             -            -            -            ...            .            .            «  116.4S 

Cake             ----.-.-..  7.3t 
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TABLE  CXV.— MIDLOTHIAN 

Thhd  Irialr-^upper  damper  8  inches  open  ;  air  plates  open  ;  $leam 


Hour. 

TixpEBATuaaa  or  tbb 

1 

> 
1 

1 

ii 

.9 

1 
.3 

1 

*o 

Date. 

1. 

1 

t. 

• 

i 

* 

1. 

^1 

1^ 

Air  enterini 
of  grate 

Gaa  entering 
ney. 

.9 

Attached  the 
ter. 

1 

•s 

*e 

X 

B 

•s 

1  ^ 

> 

— 

•a 

'8 

n 

WeigfatofwB 
toboi 

■^1 

h^rm. 

A.  M. 

OeU   13 

6.40 

57 

55 

225 

194  65 

282 

58 

29.86 

0.439 

6.15 

0.19 

- 

- 

7.00 

67 

55 

211 

812|65 
810  65 

228.5 

58 

29.86 

0.556 

?.02 

0.32 

. 

104.26 

7.35 

68 

68 

808 

232 

58 

29.87 

0.542 

5.14 

0.31 

182 

98.25 

800 

64  1  59 

202 

302  65 

232 

59 

29.87 

0.545 

6.12 

0.85 

608 

- 

% 

8.30 

70  1  63 

213 

317  62 

233 

59 

29.89 

0.537 

5  20 

0.31 

508 

9.00 

69 

64 

230 

.347 

62 

234 

61 

29.89 

0.550 

5.05 

6.41 

915 

- 

9.30 

70 

64 

252 

352 

62 

233 

63 

29.89 

0.547 

5.10 

0.3e 

•  ••••■  •  • 

1419 

101.50 

10.00 

78 

67 

264 

366  62 

233 

65 

29.89 

0  543 

5  14 

0.38 

1631 

102.76 

10.30 

70 

65 

275 

366  62 

232 

67 

29.91 

0.646 

5  11 

0  38 

2084 

102.00 

11.00 

72 

65 

282 

371 

62 

232 

69 

29.91  0.542 

5  15 

0.38 

2688 

11.30 

P.  Hff. 

72 

64 

296 

355 

62 

233 

70 

29.91 

0.542 

5.15 

0.33 

2847 

— 

0.00 

74 

66 

808 

872 

63 

238 

71 

1 
29.91  0.537 

6.20 

035 

3306 

102  25 

0.80 

78 

67 

298 

882 

62 

282 

71 

29.91 

0.539 

618 

0.W5 

3827 

101.75 

1.00 

78 

67 

292 

888 

63 

232 

72 

29.91 

0.632 

525 

0.38 

4162 

- 

. 

1.30 

74 

65 

320 

400 

63 

232 

72 

29.92 

0.645 

6.12 

0.43 

4418 

101  00 

2.00 

74 

64 

338 

38163 

283 

72 

29.92 

0.541 

5  15 

0.411 

5090 

105.60 

8.30 

73 

68 

851 

3e3!64 

233 

72 

29.93 

0.541 

5.15 

0.42 

6470 

3.00 

73 

63 

357 

396|64 

232 

72 

29.93 

0.532 

5.25 

0.4a 

6125 

102.26 

3.30 

72 

62 

363 

382  64 

232 

71 

29.93 

0.543 

5.14 

045 

6530 

^ 

4.00 

78 

62 

371 

403 

64 

233 

71 

29.96 

0.545 

5.1V 

0.4l> 

6853 

106.76 

4.30 

70 

68 

372 

344 

05 

230 

70 

29.96 

0.505 

•  •  •  ■  •  • 

5.52 

•  •  •  •  •  ■ 

0.34 

•  •  •  •  «  •  •  « 

7407 

^^ 

* 

6.00 

70 

59 

366 

320 

65 

230 

70 

29.96 

0519 

538 

0.30 

7696 

^ 

10.05 

62 

54 

308 

224 

65 

228 

64 

80.02 

0.500 

5  66 

0.22 

789(> 

- 

Oct  13 

6.10 

52 

48 

240 

194 

64 

222 

56 

30.03 

0.448 

6.07 

0.22 

7893 

6.30 

50 

47 

234 

193 

64 

220 

56 

1 

30.06 

0.440 

6.16 

0.22 

7968 

Period  of  steady  action,  from  9A.  9m  a.  m.  to  3A.  36m.  p.  m.-=6A.  27fn.     Coal  to  grate  for 
tlwt  tune,  823.25  lbs.;  water  to  bwlcr,  same  period,  6,628.4  Ibe.;  water  to  1  of  coal,  6.716. 
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thrown  into  cbimney,  small furnact  in  action,  and  ashpit  doors  open. 


h»  fn* 


T.08 
7.39 


►» 
^ 


9.09 


53.1 

63.1 
54.8 
55.2 

58.7 
61.0 


60.5 


9.45  64.0 
10.54  62.2 
61.1 
59.3 


154 

141 
l3fe 

143 
161 


+83.5" 

78 

70 


0.826 


84   0.942 
113   2.156 


11.48 

0.37 


1.20 
3.12 

3.00 

8.36 


61.8 
61.6 
61.6 


60.1 
61.8 
57.0 
57.0 
55.7 
55.7 


48.8 
51.0 
46.2 

* 

42.4 
42.6 


182 

191 
205 
210 
224 

234 
220 
214 


246 
264 
278 
284 
291 
299 


302 
296 
246 

188 
184 


119 

133 
134 
139 
122 

139 
150 
156 


168 
148 
160 
164 
150 
170 


114 
90 

—  4 

—28 
—27 


2.670 

1.070 
2.400 
2.670 
1.372 

2.432 
2.760 
1.775 


1.356 
3.560 
2.013 
3.470 
2.146 
1.711 


2.935 


REMARKS.— Grate  surface  14. 07  square  feet;  length  of  ctr< 
cuit  of  heated  gaaes  121  feet;  height  of  chimney  &  feet 


Commenced  firing;  water  0.1  inch  above  normal  levet; 
wind  W.;  Terj  ^ght;  hazy. 

Wood  consumed,  72.5  lbs. ;  commenced  chargiiig  wUh  coat. 

Steam  escapes  at  7h.  lOm. ;  mth.  pit  dooca  open. 

Filling  tank;  wind  S£.,  light;  water  1  inch  abore  normal 
leveL 

Tank  filled;  water  at  normal  level. 

Smoke  17  seconds  in  reaching  chimney  top;  syphon  0.40 
inch. 

Commenced  drawing  gases  at  9h.  51in.;  drew  in  51  min- 
utes 100  cubic  inches,  which  gave  water  0.95  grain,  car- 
bonic acid  5.96  grains,  oxygen  1 1.213  cubic  inches;  dew 
point,  by  observation*  61^.5;  temperatwe  of  batfa«  71®; 
closed  air  port  below  ash  pit  at  lOA.  8m. 

Filled  tank  at  1^,  48//i. 

Commenced  drawing  gases  second  time  (ash  pit  doors  hav* 
ing  been  closed)  at  Oh,  I7m.  p.  m.;  drew  in  87  minutes 
100  cubic  inches,  which  gave  water  0.80  grain,  earbonio 
acid  5.75  grains,  oxygen  11.182  cubic  inches;  tempera- 
tare  72^;  ash  pit  doon  opened  at  lA.  Om.  pi  m. 

During  the  drawing  of  gases  on  both  occasions,  the  fire  was 
in  good  action,  with  a  good  bed  of  coal  on  grata. 


Apparently  less  smoke  from  chimney  to-day  than  yesterday. 
Contents  of  ash  pit  thrown  on  grate  at  4^  26m.t  damper 

set  at  3  inches;  filled  tank. 
Ash  pit  doors  closed;  air  port  open. 
Water  0.8  inch  above  normal  leveL 
Closed  damper  and  air  port;  water  0.15  inch  above  normal 

level. 
Water  found  0. 1  inch  below  normal  leveL 
Water  in  boiler  adjusted. 


RESIDUA.  Pounds. 

Ctmker      ---.------  77.00 

Ashes         -            -            -            -•-            - « 00 

Ashes  firom  behind  bridge    --------  4.25 

Total  cfinker  and  ashes       -    "        -            -            -            -            -            -            -  127.25 

Deduct  wood  ftshes 0223 

Total  vraste  from  coal          •            -            -            -            -•          -            -            -  127.027 

Coke          .            -       • 4.57 

Soot 14.125 
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TABLE  CXVL— DEDUCTIONS 
MapeHmenis  on  MitUo 


Natora  of  the  daU  fumkhed  by  the  refpective  tables. 


1 
8 
3 

4 

e 

6 
7 
8 

9 
10 
11 

n 

18 
14 
15 
1ft 
17 
18 

19 

30 
SI 
83 

88 

84 
85 

26 
87 

88 
29 
30 
31 
38 
33 
34 
35 
36 
37 
38 
39 
40 
41 

42 
43 
44 
45 
46 
47 


Total  duration  of  the  experiment,  in  hours  -  -  . 

Duration  of  steady  action,  in  hours  ... 

Area  of  grate,  in  square  feet  .... 

Area  of  heated  sur&ce  of  boiler,  in  square  feet 

Area  of  boiler  exposed  to  direct  radiation,  in  squara  feet 

Numbef  of  charges  of  coal  suf^Ued  to  grate 

Tot^  weight  of  coal  supplied  to  grate,  in  pounds     - 

Pounds  of  coal  actually  consumed  -  -  -  • 

Pounds  of  coal  withdrawn  and  separated  after  trial  - 

Mean  weight,  in  pounds,  of  one  cubic  foot  of  coal   - 

Pounds  of  coal  supplied  per  hour,  during  steady  action 

Pounds  of  coal  per  square  foot  of  grate  surfitce,  per  hour 

Total  waste,  ashes  and  clinker,  from  100  pounds  of  coal 

Pounds  of  clinker  alone,  from  100  pounds  of  coal    - 

Ratio  of  clinker  to  the  total  waste,  per  cent 

Total  pounds  of  water  supplied  to  the  boiler 

Mean  temperature  of  water,  in  degrees  Fahrenheit  • 

Pounds  of  water  supplied  at  ^e  mA  of  experiment,  to  restove 

lci«l. 

Deduction  for  temperature  of  water  supplied  at  end  of  experi- 
ment, in  pounds  ..... 

Pounds  of  water  evaporated  per  hour,  during  steady  action  - 
Cubic  feet  of  water  per  hour,  during  steady  action   - 
Pounds  of  water  per  square  foot  of  heated  surfece  per  hour, 
by  one  calculation  ..... 

Pounds  of  water  per  square  foot,  by  a  mean  of  several  obser- 
vations  ...... 

Water  evaporated  by  1  of  coal,  from  initial  temp,  (a)  final  re^t 
Water  evaporated  by  1  of  coal,  from  initial  temp,  (b)  during 

steady  action      •  •  -  •         .  • 

Pounds  of  fuel  evaporating  one  cubic  foot  of  water  - 
Mean  temp,  of  air  entering  below  ash  pit,  during  steady  pres- 
sure     *--.--. 

Mean  temp,  of  wet  bulb  thermometer,  during  steady  pressure 
Mean  temperature  of  air,  on  arriving  at  the  grate 
Mean  temperature  of  gases,  when  arriving  at  the  chimney     - 
Mean  temperature  of  steam  in  the  boiler      ... 
Mean  temperature  of  attached  thermometer  -  -    ^       - 

Mean  height  of  barometer,  in  inches  ... 

Mean  number  of  volumes  of  air  in  manometer 
Mean  height  of  mercury  in  manometer,  in  atmospheres 
Mean  height  of  water  in  syphon  draught  gauge,  in  inches     - 
Mean  temperature  of  dew  point,  by  calculation 
Mean  gain  of  temperature  by  the  air,  before  reaching  grate    - 
Mean  diflerence  between  steam  and  esciqHng  gases  -^ 
Water  to  1  of  coal,  corrected  for  temp,  of  water  in  cistern     - 
Water  to  I  of  coaJ,  from  212**,  conected  for  temperature  of 
water  in  cistern  ..... 

Pounds  of  water,  from  212®,  to  1  cubic  foot  of  coal  - 
Water,  from  212<*,  to  1  lb.  of  combustible  matter  .of  the  fuel 
Mean  pressure,  in  atmospheres,  above  a  vacuum 
Mean  pressure,  in  pounds  per  sq.  inch,  above  atmosphere    • 
Condition  of  the  air  plates  at  the  furnace  bridge 
Inches  opening  of  damper,  (U.  upper)        -  .  . 


1st  Trial. 

8dTriaL 

<Tia>ieCJun.) 

(Table  CUV.) 

October  10. 

OdoberW. 

26.55 

88.917 

7.867 

6.983 

14.07 

14.07 

877.5 

377.5 

18.75 

18.76 

13.0 

11.0 

1187.85 

1120.75 

1181.39 

1113.43 

5.86 

7.32 

49.469 

60.943 

122.79a 

115.888 

8.728^ 

8.836 

10.33 

10.456 

6.5747 

5.9777 

63.663 

57.166 

9184.0 

8537.0 

63«,0 

62<».8 

88.0 

100.0 

4.0 

140 

995.468 

868.748 

15.987 

.  13.899 

8.637 

8.801 

2.673 

8.838 

7.768 

7.652 

8.106 

7.496 

8.0459 

8.1678 

65«.07 

7l*.0 

66<'.87 

6l«.4 

230«.2 

8640.O6 

8I90.O 

34r>.73 

233«.  le 

233®.  13 

600.57 

65«>.47 

89.839 

29.937 

5.078 

5.11 

0.5491 

0.5463 

0.3781 

0.3385 

60«*.31 

55*>.36 

165°.  13 

I930.O6 

84*^.6 

113*^.64 

7.768 

7.668 

8U8917 

8.759 

439.86 

446.81 

9.9161 

9.7817 

1.423 

1.4238 

6.8469 

6.2597 

Open. 

CloMd. 

U.      8 

U.       8 
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PROM  TABLES  CXIII,  CXIV,  CXV. 
thian  i^oa/eei  shqfi)  coal. 


adTridL 

iTaUe  CXV.) 


€htob€r  18. 
33.838 
6.46 
14.07 
8T7,5 
18.75 
U.O 
lU7.t6 
]lt$.88 
4.67 
61.938 
137  6S8 
9.071 
11.3S 
6.8468 
60.618 
7968.0 
63«.0 

•6.0 

9.0 
i67.U6 

13.714 

S.87 

S.343 
7.078 

4.716 
8.8303 

73*.  31 
64«.67 

f73«.l 
38S0.6 
69<>.86 
39.916 
6.168 
0.54  U 
03886 
69<'.90 

146®.  67 

7  079 

8  1019 
416.13 

9  1361 
1.4171 
6  1693 

Open. 
U.     8 


Afcragei. 


6.917 
60.66 
132.106 

8.6783 
10.703 

6.4664 
60.447 


907.107 
14.613 

3403 


7.4993 

7.489 
8.3479 


347*.  13 
348<'.61 


0.3667 

179«.095 
114^903 
7.4993 

8  6943 
433.733 
9  6113 
1.4313 
6.833 


RCBMlkf. 


The  eombttftion  w«f  oondnctod,  on  the  8d  day's  trial»  with  the  adi 
pit  doors  open.  By  the  40th,  4l0t,  and  43d  Knee,  below,  this 
arrangement  is  seen  to  ha^e  giten  a  resalt  decidedly  inferior  to 
those  obtained  at  the  two  prerious  experiments. 


The  increasing  difierences  of  temperature  in  this  line  may  douUless 
be  referred  <^efly  to  the  gradual  accumulation  of  soot 


The  inferiority  of  the  3d  to  the  tst  result  may  probably  be  ac* 
counted  for,  in  part,  by  the  heavy  coating  of  soot  accumulated  on. 
€be  absorbing  surfaces  of  the  boiler,  and  the  con^icquent  higher  tcm- 
peiatufp  at  wliieh  the  grases  arritcd  at  the  chimney,  and  in  part 
by  the  ash  pH  doors  being  kept  opea. 
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Remarks  on  the  preceding  cctperimenfs  and  dedticiions. 

• 

By  admitting  the  air  which  supplied  the  combustion  to  come  at  once  to. 
the  grate,  at  an  average  temperature  of  73^.2,  on  the  third  trial,  instead  of 
going  round  the  furnace,  gathering  the  waste  beat  from  the  stack,  and  ar- 
riving at  the  grate  in  the  rear  of  the  closed  ash  pit  with  a  temperature  6f 
230^.2,  as  in  the  first  experiment,  the  following  effects  appear  to  have  re- 
sulted :  First,  The  rate  of  combustion  was  increased  from  122.8  to  13^^.6 
pounds  per  hour.  Second^  The  rate  o{'  evaporation  was  diminished  from 
15.^3  to  13.71  cubic  feet  of  water  per  hour.  Thirds  The  gases  arrived  at 
the  chimney,  after  a  circuit  of  \%\  feet  in  horizontal  flues,  at  a  tempera- 
ture of  379%  instead  of  319°,  as  on  the  first-day  of  trial.  Fourth^  The  evap- 
orative effect  of  the  coal,  as  seen  in  the  41st  line,  was  reduced  from  8.89^ 
to  8.102  ;  and  that  of  the  combustible  matter  alone,  as  found  in  the  43d 
line,  from  9.916  to  9.136. 

The  comparison  is  made  between  i\\e  first  and  third  trials,  instead  of  the 
mean  of  the  first  and  second,  and  the  third ;  because  the  first  and  third 
were  both  conducted  with  the  air  plate  at  the  furnace  bridge  op^n,  whereas 
the  second  experiment  was  made  with  that  plate  closed. 

Admitting  that  the  air  which  passed  through  the  furnace  on  the  first  and 
third  day^  of  trial  was  equally  well  employed,  and  equally  deoxygenated, 
a  computation  founded  on  the  analyses  of  the  gases  on  the  third  trial,  (ta- 
ble CXV,)  may  readily  be  made,  which  will  show  what  was  lost  in  burn- 
ing with  cold  air  instead  of  hot.  Those  analyses  proved  that,  on  an  aver- 
age, the  weight  of  air  equivalent  in  specific  heat  to  the  dry  gases  passiug  to 
the  chimney  during  the  combustion  of  a  pound  ofca«/,  was  18.45^  pounds. 
The  waste  matter  from  the  furnace  on  that  day  was  11.32  per  cent.  Hence 
the  weight  of  air  equivalent  to  the  gases  from  a  pound  of  combustible  mat- 
ter is  20.81  pounds ;  and  as  the  specific  heat  of  air  is  0.267  that  of  water, 
the  equivalent  weight  of  the  latter  material  is  5.555  pounds.  The  heal 
imparted  to  the  air  and  products  of  combustion  on  the  third  trial  was 
379°— 73°.2=30o°.S,  which,  muhiplied  by  5.555,  gives  1698.9  as  the  heal^ 
ing  power,  or  1.649  as  the  evaporative  power  of  this  quantity  of  heat. 

On  the  first  day's  trial,  the  air  entered  the  grate  at  230°,  and  the  gases 
left  the  boiler  at  319°,  carrying  away  an  excess  of  89°  The  total  waste 
that  day  was  10.33  per  cent.,  as  seen  in  line  13  of  the  table.  Hence  the- 
equivalent  in  air  to  the  gaseous  products  from  a  pound  of  combustible  mat* 
ter,  is  18.452-4-0.8967=20.58 ;  of  which  the  heat  absorbing  power  is  by  a 
similar  computation  489,  and  the  evaporative  power  equivalent  to  this  is 
0.475.,  The  difference  1.649 — 0.489=1.160,  added  to  the  nuihber  9.136 
found  in  the  43d  line  of  the  table  of  deductions,  gives  10.296;  showing  that 
the  inferiority  of  the  third  to  the  first  result  (9.916)  is  rather  mcrre  than 
compensated  for  by  the  cause  now  under  consideration.  Such,  in  fact, 
ought  to  be  the  case ;  since  the  fire  doors  were  not  kept  open  on  the  third 
trial  quite  to  the  end  of  the  experiment,  being  closed  at  Ah.  30m.  p.  m. 
They  were  also  closed  for  43  n^inutes  during  one  of  the  experiments  in 
drawing  gases  from  the  chimney. 

The  36th  line  of  deductions  shows  that  the  average  height  of  the  draught 
gauge  was  0.373  inch  on  the  first  trial,  and  0.389  on  the  third.  This  is  fully 
accounted  for  by  the  superiority  in  temperature  of  the  gases  on  the  third 
trial  over  those  on  the  first,  for  379°— 319°=60°. 
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No.  4. 

JBiiuminous  coal  sent  for  trial  by  the  Creek  Coal  Company^  Cheslerjield 

county y  Virginia. 

Itie  following  letter  accompanied  this  sample  : 

"  Richmond,  June  27.  1842. 

**Sia:  III  compliance  with  the  invitation  of  the  Secretary  of  the  Navy,  I 
have  sent  by  the  schooner  Pioneer  five  hogsheads  containing  two  tons  Creek 
coal,  for  experiment  at  your  yard,  with  a  view  to  test  its  fitness  for  geft- 
erating  steam  on  board  the  Government  steamers. 

*•  As  (here  are  other  coals  on  board  the  vessel,  you  will  oblige  me  by  di- 
recting it  to  be  kept  separate. 

"  This  coal  is  raised  by  the  Creek  Company,  in  Chesterfield  county,  on 
the  south  side  of  James  river,  12  miles  from  tide  water,  with  which  the 
mines  are  connected  by  a  railroad.  The  mines  may  be  considered  cuk^s* 
sibie  at  all  seasons  of  the  year,  as  it  is  a  rare  occurrence  in  our  clitnate  that 
navigation  is  closed  by  ice. 

«  Very  respectfully,  your  most  obedient  servant, 

"JOHN  I.  WERTH^ 
"  General  J9gent  Creek  Company, 

**  Commodore  Bev.  Kennon.'* 

The  exterior  characters  of  this  coal  are  generally  as  follows :  The  sur- 
faces of  deposition  are  not  continuously  developed  in  the  fractures.  In 
place  of  them,  a  great  number  of  conchoid^l  surfaces  having  a  resinotis 
lustre  alternate  with  spaces  of  a  dull  aspect.  The  main  partings  are  at 
right  angles  to  the  horizontal  surfaces.  The  cross  partings  appear. not  to 
be  well  defined  either  in  position  or  extent.  The  main  partings  are  in  some, 
specimens  very  conspicuously  marked  with  patches  of  sulphuret  of  iron. 
TTie  specific  gravity  of  one  specimen  was  1.3163;  that  of  another,  1.3228; 
giving  the  calculated  weight  of  one  cubic  foot  of  coal  in  the  mine,  82.48 
pounds.  The  average  actual  weight  in  the  condition  of  lumps,  (in  which 
state  it  was  mainly  found  when  ready  for  use,)  was,  by  41  trials,  46.496 
pounds,  or  0.5636  of  the  calculated  weight  in  the  solid  state.  The  highest 
restilt  was  51.62,  and  the  lowest  40.62  pounds  per  cubic  foot.  In  the  mer- 
chantable state,  fit  for  use  in  the  8teanDU3rs,  one  ton  will  require  for  stowage 
48.176  cubic  feet  of  space. 

On  analyzing  the  two  specimens  above  mentioned,  they  were  found  to 
contain  the  following  materials: 


Moisture 

Sulphur 

Other  volatile  matter 

Ashes     - 

Fixed  carbon     - 


specimen  4t. 
1.074 

8()ecimen  b* 
1.112 

(not  tried) 
28.666 

2.894 
28.814 

3.830 

6.82S  , 

66.43 

60.352 

100. 

100. 

Volatile  to  fixed  combustible  as 


1:2.317 


1 : 1.903 
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The  coking  of  a  was  effected  very  slowly ;  that  of  b  very  rapidly.  This, 
according  to  the  result  of  a  great  number  of  trials,  is  sufficient  to  account 
^  for  the  difference  in  the  relations  of  volatile  to  fixed  combustible  matter. 
On  suddenly  exposing  a  portion  of  this  coal  in  powder  to  a  bright  red  heat, 
the  exterior  becomes  swollen  and  agglutinated,  and  at  length  hardened, 
before  the  interior  has  parted  with  all  its  gaseous  matter.  By  coniinuiDg 
the  heat,  a  quantity  of  confined  gas  is  accumulated,  sufficient  to  explode 
the  agglutinated  shell  of  the  mass,  which  then  develops  a  brilliant  jet  of 
flame. 

The  ashes  from  the  analyses  of  specimen  a  are  of  a  bright  red ;  those  of 
6,  of  a  dull  brick-red  color. 

The  weight  of  coal  burned  during  four  trials  of  evaporative  power  was 
3,769.63  pounds,  from  which  were  obtained  as  residua  157.29  pounds  of 
ashes,  weighing  SQ  pounds  per  cubic  foot;  and  of  clinker  167.68  pounds 
weighing  39.5  pounds  per  cubic  foot ;  also,  20.75  pounds  of  soot  fFom  the 
flues,  weighing  14.33  pounds  per  cubic  foot. 

The  combustible  matter  in  the  ashes  was  9.84  per  cent,  of  their  weight. 
<<*  "  clinker,     0.00  "  « 

"  "  sooty        34.27  «  " 

The  total  quantity  of  matter  absolutely  incombustible  is,  therefore,  323.12 
pounds,  or  8.5717  per  cent. 

Twenty-eight  pounds  of  this  coal,  dried  for  three  days  in  the  steaming 
'  apparatus,  lost  0.406  pound,  or  1.45  per  cent. 

Four  trials  of  total  volatile  matter  in  two  specimens  of  this  coal  afford- 
2^  ed  to  Dr.  King  an  average  of  31.037  per  cent.     This  result,  combined  with 

the  two  already  given,  presents  an  average  of  31.118.  From  all  these 
data,  we  may  take  the  proximate  constitution  of  this  sample  to  be  as  fol- 
lows, viz : 

Moisture  (from  28  pounds)       -            •            .  .  1.450 

Other  volatile  matter  (mean  of  four  specimens)  -  29.678 

Earthy  matter  (from  3,769.63  pounds)              -  -  8.572 

Fixed  carbon  (calculated  by  diflerence)            -  -  60.300 

100. 


Hence  the  volatile  is  to  the  fixed  combustible  l :  2.0318 

tt  appears  that  both  the  specimens  above  analyzed  gave  proportions  of 
earthy  matter  considerably  below  the  practical  average.  The  earthy  mat* 
ter  of  the  clinker  gained,  instead  of  losing,  by  recalcination,  to  the  amount 
of  1 J  per  cent.,  and  became  of  a  dark  reddish  brown.  The  ashes  were, 
after  reincineration,  a  lighter  red  ihafi  the  clinker,  and  the  residue  of  the 
soot  still  lighter  than  that  of  the  ashes. 

A  trial  by  the  oxide  of  lead  on  specimen  6,  gave  a  reduction  of  metallic 
lead  equal  to  28.1  times  the  weight  of  raw  coal  employed  ;  and  as  the  mois- 
ture and  ashes  of  that  specimen  were  together  equal  to  7.94  per  cent,  the 
lead  to  1  o(  combiisfiblewdiS  30.523. 

In  ordinary  smithes  work,  this  coal  was  found  to  make  a  good  hollow 
fire,  with  much  flame  ;  the  heat  from  the  latter  very  strong,  but,  of  course, 
unavailable  for  the  purposes  of  the  work.  In  burning  60  pounds  of  it, 
the  heating  power  developed  was  sufficient  to  put  in  nine  links  of  a  chain 
1|  inch  in  diameter.  In  an  office  grate  the  ignition  was  easy ;  the  flame 
copious ;  many  jets  of  gas  of  a  high  illuminating  power  were  from  time 
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to  time  thrown  out,  giving  a  brisk  noisy  jQre  from  the  hissing  of  these  jets. 
To  those  who  admire  a  bright  blazing  fire,  it  will  be  found  eligible  for  par- 
lor and  other  domestic  grates* 

The  mean  time  for  bringing  the  boiler  into  full  action  was  1.166  hour, 
and  the  average  quantity  of  unburnt  coke  left  on  the  grate  was  10.53  pounds.  • 

The  coke  is  considerably  intumescent,  and  coheres  firmly;  and  these  cir- 
cumstances prove  that,  before  employing  it  in  a  blast  furnace  for  smelting 
iron,  the  process  of  coking  will  be  requisite.  This  process  should  be  per- 
formed slowly,  and  ought  not,  when  conducted  on  open  hearths,  to  be  push* 
ed  to  the  extent  of  expelling  the  last  portions  of  volatile  matter,  lest  a  part 
of  the  fixed  carbon  be  also  consumed. 

This  coal  is  judged  to  be  well  adapted  to  the  production  of  illuminating 
gas,  with  the  exception  of  possessing,  in  some  portions  at  least,  too  large  a 
quantity  of  sulphur. 

By  a  prompt  application  of  heat,  and  a  rapid  development  of  the  volatile 
constituents  of  the  coal,  a  considerable  portion  of  bi-carburetted  hydrogen 
would  be' obtained,  which  is  one  of  the  principal  objects  of  the  gassuanu- 
focturer. 
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TABLE  CXVIL— CREEK 
First  trial — «/jper  damper  10 


Date. 


June  12 


'^'. 
k.*.. 


Hour. 


TEXrSBATDBES  Of  THE 


bo 


A.  t72. 
▲.  M. 

4.20 
6.36 


56 
61 
9.«5  68 


9.50  1  72 


10.35  74 
11.15  75 


11.30 

p.  M. 

0.00 

0.30 
1.00 


74 

77 

77 
77 


2.00  ,  79 
2.45  I  79 


3.15  1  80 


June 13 


4.00  !  80 
4.40  ,  - 

A.  M.  I 

5.001  67 
5.25;  68 


a 

I 


63 

56 
60 

61 


61 


61 


60 


63 


I 

o 
bO 


-3 

S  rt  C  ►. 

5  o 


« 


C3 


08 


98 

94 

124 


88 

96 

251 


133  270 


155 


298 


178  334 


192 


322 


S20  340 


63   238 

62  1  256 


64   274 
63   290 


64   296 
66   294 


310 
375 
332 
^62 


34-2 
340 


63 
62 


176  184 
1741  - 


78 
78 
77 

77 


76 

77 

77 

77 

76 
77 

77 
77 


80 

80 
80 

76 
76 


.-a 

.s 


OQ 


102 

98 

209 

227 


233 

333 

235 

232 

232 
S32j 
232 
232 


230 

230 
228 

210 
206 


s 


I 
% 


•8 

I 


t  I 

I 

.9 

o 


o 

> 


30.21 


0.253 


30.21 

30.20 

80.21 
30.20 
30.19 


0.267 

0.220 

0.218 
0.218 
0.209 


30.17  je.207 


o 


30.17 
30.19 
30.22 


30.22    0.223      8.34 


8.04 


30.21     0.242      8.16 


8.00 

8.38 

8.40 
8.40 
8.49 
8.60 


30.16 
30.16 


29.99 


0.200      8.58 


0.183      8.76 


.a 

Is 

M 

to 
o 

X 


0.05 
0.32 
0.23 

0.23 

0.66 


0.40 


0.63 


0.32   2685 


I 
"I 

I 


633 


i380 
1926 


0.36 
0.36 
0.30 
0.30 


0.24 


0.26 


0.16 
0.16 


3370 
3805 
4950 
5445 


6690 

7093 
7290 

7290 
7706 


;i 


•a 

9 


9S.T6 


92.26 


94.71 


91.00 


94.60 

91.75 

99.00 

100.75 

89.60 

92.25 


Pttriod  of  rtcady  action,  from  lOA.  35m.  a.  m.  to  3A.  20m.  p.  m.  «=  Ah,  46m  ;  coal  mipptiedto 
grate,  658.25  lbs.;  water  to  boiler,  6,636  lbs.;  water  to  1  of  coal,  8. 662. 


COMPANY'S  COAL, 
inches  open  ;  air  plates  open. 
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I 

I 

1 


a 
o 


hm  m. 


9.50 


10.26 


10.35 
11.15 


11.45 

0.25 
1.00 
2.00 
2.80 

3.20 


49.6 
51.5 
54.3 

63.7 


••• 


52.5 
52.0 
50.4 

64.8 

54.8 
52.8 
65.7 
53.7 


>^  bo 

S 

2 


1^ 


60.7 
58.9 


60.5 
58.1 


42 
33 

56 

61 

81 

103 

118 

143 

161 
179 
195 
211 


is 


—  14 

—  2 
4-45 

43 

65 

101 

87 

108 

78 
143 
100 
130 


216  '  112 


1.889 

3.358 

5.775 

4.01T 

3.629 
2.305 
3.033 
1.748 


REMARKS.— Grate  surface  14.07  square  feet;  length  of 
circuit  of  heated  gasee  121  feet;  height  of  chimney  63  feet« 


Kindled  fire  in  small  furnace. 

Commenced  firing  under  the  boiler. 

Water  in  Iioiler  brought  to  normal  level;  valves  double 
weighted. 

Wood  consumed,  519  lbs.;  comiiienced  charging  with  coal; 
damper  reduced  to  10  inches,  and  double  weights  taken 
o^  at  lOA.  5m.  a.  m.;  air  plates  opened  at  lOA.  10m. 
a.  m.;  wind  SE.;  slightly  hazy;  sun  shining. 

Smoke  15  j  seconds  in  reaching  chimney  top;  8yphon0.40; 
wood  ashes  weighed  1.25  lb. 

Drew  60  cubic  inches  gases  finom  chimney  while  smoking, 
at  1  lA.  27m.  a.  m.,  which  gave  water  0.42  grain,  car- 
bonic add  2.88  grains;  steam  allowed  to  escape  from  both 
valves,  to  obviate  priming;  sky  overcast. 

Drew  60  cubic  inches  gases  from  chimney,  at  OA.'  1 6m.  p. m. ; 
which  gave  water  0.58  grain,  carbonic  add  2. 90  grains. 

Placed  28  lbs.  of  the  coal  in  the  drying  apparatus. 

Filled  tank;  wind  S£. ;  cloudy,  with  occaeional  sunshine. 


214 


109 
106 


3.298  I  Air  plates  dosed;  contents  of  aali  pit  thrown  on  grate; 

'     damper  set  at  5  inches. 

1 10  !  4.270    Drew  60  cubic  inches  of  gases  at  lA.  30//i.  p.  m.;  which 

gave  water  0.61  grain,  carbonic  acid  1.87  grain,  oxygen 

8.634  cubic  inches;  water  at  0.4  inch  above  normal  level. 


—  26 


Water  in  boiler  at^iusted. 


RESIDUA . 


Clinkn 

Aihos 

Ashes  behind  bridge  * 


Total  clinker  and  ashes  ..--.- 

Deduct  wood  aiAes,  1.59  lb.,  1.25^  of  which  had  be^n  previously  removftd 

Total  waste  from  coal  .  ,  ^  -  »  - 

Coke  .  * 


Poutidt. 

87.00 

36.00 

2.77 

75.77 
0.34 

75.43 

10.92 


23 
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TABLE  CXVm.-<3REEK 
Second  trial — upper  da»yter  5 


Hour. 

TBMPXBATUIIBB  OF  THS 

1 

• 

o 

« 

1 

• 

a 

.3., 

•S  ii 
®  o 

.H 

9 

Is 

Date. 

it 

• 

§ 
1 

^1 

bos 

t 

of  water  i 
to  boiler. 

■si 

o 

68 

3  g 

Si   ^ 

1 

62 

< 

174 

1 

a 
o 

186 

p 

1 

76 

s 

206 

1 

< 

o 

1 

o 

-a 

X 

e 

s 
o 

> 

1 

June  13 

A.  tn* 

A.  M. 

5  30 

29.98 

0.16 

^ 

7.00 

71 

64 

154 

240 

76 

225 

- 

29.97 

0.166 

9.04 

0.20 
0.21 

164 

90.75 

7.30 

70 

64 

160 

250 

76 

230 

^ 

29.98 

0.208 

8.50 

8.00 

70 

66 

162 

275 

76 

230 

„, 

29.96 

0.220 

8.38 

0.28 

469 

95.00 

9.00 
9.30 

72 
73 

66 
66 

206 
224 

286 
288 

74 
74 

229 
280 

«, 

29.96 

t 

29.96 

0.208 
0.228 

8.50 
8.30 

0.23 

1067 

97.76 
90.S5 

• 

0.36 

1469 

10.00 

74 

66 

236 

828 

74 

282 

,« 

29.94 

0.212 

8.46 

0.31 

1966 

97.60 

10.40 

74.5 

67.5 

258 

830 

74 

230 

» 

29.94 

0.214 

8.48 

0.34 

2704 

99.00 

11.10 

76 

68 

276 

356 

74 

280 

— 

29;98 

0  208 

8.50 

0.29 

3217 

- 

11.5)0 

77 

68 

286 

344 

74 

231 

- 

29.92 

0.210 

8.48 

0.36 

3472 

98.75 

F.  M . 
0.10 

81 

69 

306 

^ 

74 

230 

_ 

29.90 

0.212 

8.46 

. 

4122 

86.00 

0.46 

81 

70 

316 

340 

74 

230 

» 

29.90 

0.208 

8.60 

0.33 

4622 

- 

1.35 

84 

71 

320 

358 

78 

230 

^ 

29.88 

0.200 

8.58 

0.30 

5207 

92.75 

2.00 

86 

72 

332 

338 

78 

230 

- 

29.85 

0.203 

8.64 

0.32 
0.30 

5699 
6129 

94.00 

2.30 
3.55 

86 

72.5 

336 

360 

78 
80 

230 

— 

29.86 

0.193 

8.66 

1 

m. 

6812 

- 

A.  H. 

June  14 

5.10 

> 

- 

~ 

.- 

80 

214 

— 

29.72 

.  ' 

«. 

— 

6816 

5.85 

73 

68 

190 

181 

80 

210 

" 

29.72 

~ 

0.15 

7262 

J_ 

Period  of  steady  action,  from  9h.  34m.  a.  m.  to  2A.  26m.  p.  m.  «>  4A.  51m.;  coal  to  p9i»br 
that  period,  668  pounds;  water  to  boiler,  4,522  pounds;  hence,  water  to  one  of  ooal  for  thii  tia^ 
7.961. 
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COMPANY'S  COAL. 

inches  open;  air  plates  open. 


{ 


Jb.  m. 


■ 


I 

i 
I 


d 
o 


^^ 


S 


I 


I 


I 


J    4 


7.00 


8.00 
6.35 

9.84 


M.OO 
10.40 

11.46 

0.16 

1.16 

8.86 


68.1 
69.9 


60.6 

6S.8 

62.8 

62.3 

61  8 
64.0 
64.2 
63.7 

63.7 
65.8 
64.5 
66.6 


66.6 


65.6 


Cfinte 


H-S  ** 


8 


I 


106 

63 


90 

92 
134 

161 

162 
188.6 
200 
209 

226 
239 
236 
246 


250 


117 


3S 


I 


f^^ 


—20 
4-16 

20 

46 
57 


58 

96 
100 
126 
113 


110 
128 
108 

130 


REMARKS.— Grate  mxrhc^  14.07  square  feet;  length  of 
ctrcuSt  of  heated  gases  121  ieet;  height  of  chimney  68 
feet;  long  «teuD  pipe  in  chimney  remored* 


0.816 

1.775 
1.631 


2.129 

2.628 
2.936 
2.719 
2.0^ 

2.683 
2.371 
1.869 
3.128 

2.278 


Commenced  firing. 

Wood  consumed,  115  pounds;  commenced  charging  with 

coaL 
Steam  blows  off  at  7k,  15m.,  at  which  time  air  plates  ara 

optAed. 
PiUed  tank  at  8A.  I6i». 
Oloudy;  wind  SW.;  smoke  22  seconds  in  reaching  chim* 

ney  top. 
Brew  at  9^.  55m.  60  cnUc  inches  of  gases*  whidi  gave 

water  0.68  grain,  carbonic  acid  4.17  grains,  oxygen 

8.664  cubic  indies;  smoke  flowing  (torn  chimney  wlulat 

drawing  gases. 

Commenced  drawing  gases  at  Oh.  8m. ;  drew  in  6  minutes 
60  cubic  mches,  which  gave  0.69  grain  water,  2.78 
grahis  carbonic  add,  and  8.634  cubic  inches  oi^gen; 
no  smoke  from  chinney  during  this  drawing  or  gas; 
partly  filled  tank  at  Ih.  30m.  p.  m. 


Air  plates  closed,  and  contents  of  ash  pit  thrown  on  grate. 

Tank  partly  filled  at  9k.  80m. ;  water  in  boifer  left  at  0.S5 
inch  above  normal  laveL 


Wi^  in  boHer  adjusted* 


RBSIDUA. 


behfaid  bridge 


Dadaet  wood  nhes 
Totd  waste  from  coal 
Ceke 


Poundi, 
46.7ft 
36.00 
2.81 

84.56 

0.868 


84.307 
6.6f 
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TABLE  CXIX.— CREEK 
Third  trial — upper  damper  S  inches  open ;  air 


ATUklB  B»  »H» 

■s 

T 

s 

*3 

1 

^1 

[ 

1 

Si. 

i 

•1 

^i 

1,3 

'' 

.9 

1 

.3 
1 

1' 

I 

if 

1 

1 

- 

a 

s 

i 

K 

aj    .^ 

t:: 

j 

JojmU 

6.40  73 

68 

ISO 

181 

80 

aos 

39.73 

0,15 

- 

e.4o  n 

60 

186 

303 

SO 

837 

- 

29.73 

0.177|8J8S 

0.33 

ii.ss 

7.00 

78 

69 

184 

283 

80 

J.- 

29.73 

0.300  8.58 

1 

0-31 
0.31 

178 

91.00 

■7.30' 

76  ' 

7V 

187 

374 

80  V  330 

_ 

"29.73 

0.826  S.4I 

7.40 

76 

71 

193 

374 

80      330 

29.73 

0.230;  8.38 

O.30 

340 

8.00 

8.  so 

77 
7B 

71 

303 

214 

376 

80     338 

SO      330 

39.73 
29.73 

0.304i  6.S4 
0.331' 8.37 

0.31 

605 

98.a 

0,30 

77s 

■■"1""' 

8.40 

80 

73 

sae 

see 

80  1  330|     - 

SB,73 

0.318:  8.40 

0.20 

946 

- 

9.00  '80 

73 

368 

884 

80  ,  230;    - 

29.73 

0.306  8.5S 

0.19 

1113 

97.7s 

9.30   Si 

74 

278 

376 

SO 

33u 

28.73 

0.380' 8,38 

«,I9 

1387 

9.40   83 

73 

301} 

381 

80 

33(J 

29.73 

0.301  8.58 

O,S0 

1460 

10.00  IS3 

314 

278 

80 

280 

89,73 

0.304' 8.S4 

019 

1610 

10,20  18* 

73 

333 

315 

80 

29.73 

0.316  8.42 

0,23 

1780 

102.00 

10.40  J86.5 

73.5 

328 

314 

80 

230 

39.73 

0.823  8  3S 

0.80 

1948 

11.00   86 

74 

342 

30'! 

80 

830 

- 

39.73 

0.314,8.44 

0.19 

3198 

87.7S 

11.30  IsO 

76 

MO 

S90 

78 

833 

_ 

.,.,> 

0.334 

,„ 

0.34 

8198 

_ 

11.40  ,86 

76 

34S 

508 

78  1   332 

- 

29.73 

0.333 

8.36 

0.22 

3198 

88.71 

0.00   86 

77 

350 

324 

78 

8291     - 

29.73 

0,308 

8.50 

0.3J 

3980 

_ 

0.30  187 

75 

362 

33D 

78 

830 

29.73 

0.213 

8.46 

0.34 

3337 

91.00 

0.40  188 

76 

374 

804 

78 

331 

39.73 

0.828 

830 

0,34 

840S 

1.00  !s9 

77 

880 

810 

78 

331 

89.73 

0.326 

0.34 

3580 

I. so 

83 

78 

384 

850 

78 

sn 

- 

39.72 

0.200 

8.98 

0.23 

8875 

83,50 

1.40 

69 

u 

386 

sss 

78 

338 

^ 

39.73 

0.3E5 

S.93 

0.35 

4132 

_ 

a.uo 

92 

390 

331 

78 

333 

29.72 

0.210 

8.48 

0.S2   4340 

S.SO 

91 

74 

359 

334 

79 

231 

- 

39.71 

0.328 

8.30 

0.38,  4516 

,.!*;!* 

3.40 

89  " 

75 

370 

3S4 

■78" 

331 

"- 

29.71 

0.199 

8.6(1 

0.30 

4770 

3,00 

BO 

72 

_ 

300 

80 

333 

_ 

39.71 

0.208 

8.50 

0.28 

50.3 

3.30 

91 

72 

eo 

89.71 

0.181 

8.7S 

5439 

4.45 

89 

71 

- 

80 

- 

- 

- 

- 

- 

- 

5761 

A.  M. 

JiuwlS 

6.00 

66.5 

61  * 

346 

198 

79 

330 

29.90 

0.108 

9.51 

0.18 

67y 

G.36 

68.5 

61 

- 

- 

79 

218 

- 

39.93 

- 

- 

- 

61BS 
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plates  closed;  steam  thrown  out  at  back  valve. 
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1 

_ 

i 

|S. 

Is 

} 

1 

{i 

i 

fii 

KEMABXS.-.Gnte  waiitai  14.07  «qinre  feet;  Jenttb  of 

1 

circoit  of  liMl«dgHes  ISl  feel,  height  of  chimnej  63  litet 

1 

J     ^ 

pi 

A.-.. 

6S.S 

117 

—27 

_ 

6.40 

sa.6 

U2 

+75 

- 

Wood  consuAied,   133}  Its.     commenced  cbirging  with 

- 

6G.3 

109 

66 
44 

1.366 

Siesm  blowing  off  at  %h.  60ni.i  back  valve  unloftded. 

7.80 

"eis 

112' 

68.9 

116 

44 

1.3S6 

8.16 

68.4 
68.0 

tas 

136 

47 

3.106 

""-" 

"44 

1.351 

Wind  SW..  Ughti  cleat- 

70.3 

IG6 

63 

1.369 

9.06 

70.S 

176 

64 

1.06S 

71.0 

196 

46 

1.382 

60.3 

317 

54 

1.396 

67.7 

331 

48 

1.271 

10.00 

68.S 

237 

84 

1.351 

Wind  W.,  biiikj  clear. 

69.1 

2*3.6 

84 

1.335 

Sprinkling  of  rain. 

11.00 

69.7 

256 

74 

1.887 

draw  in  19  minalea  100  cubic  inches  which  gare  water 

73.7 

354 

68 

O.OSgiain,  caiboDic  add  5.73  jnin«. 
Faied  tank,  water  in  boiler  h^  faUen  0.7  inch  below 

11.40 

72.7 

262 

76 

nonoal  leveL 

74.1 

264 

B5 

3.071 

C«wed  nuning,  wind  WNW. 

0.35 

70.9 

S76 

90 

3.042 

Wind  NW. 

7i.l 

286 

78 

1.335 

,:« 

73.3 

291 

78 

1.391 

l.SO 

73.6 

391 

119 

3.344 

Suej  drew  100  cubic  inches  in  10  minutea,  which  gave 
water  0.98  grain,   carbonie  acid   6.03  grain*,  axygsD 

68.  B 

267 

S6 

3.043 

10.66  cubic  inches.     No  imolce  fimn  chimner  daring 

73.4 

396 

102 

1.658 

the  dianrjng. 

68.1 

268 

108 

1.391 

Smokfl  30  aaconda  in  reaching  ehinmer  top. 

S.30 

70.8 

291  ' 

93 

'2.036 

Filled  tank  at  ih.  65m.  p.  m. 

- 

65.3 

_ 

68 

1.283 

Content*  of  aih  pt  on  grate. 

64.9 

Water  iir boiler  left  at  0.7  inch  above  normal  fevel. 

" 

63.4 

- 

- 

- 

Wind  NW.,  light 

58.9 

179.6 

—32 

_ 

Water  0.7  inch  below  normal  level. 

56-0 

" 

" 

" 

Water  in  bMlei  adjusted. 

Clinker 

tuhf 

Aahn,  &c,  behind  bridge 

Tout  clinker  and  Mhea 


RESIDU.A. 

Pound*. 

-  35.93 

-  40.50 

2.70 


79.13 


Deduct  wood  bsLcs  - 
Total  WBHle  frooi  coal 
Coke 


0,376 
7B.764 
TSr635 
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TABLE  CXX,— OI^K 
Fourth  trial — uppfr  damper  10  inehet  igut; 


sati 
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CCMFA}^T>S  COAL. 


air  plates  closed;  steam  thrown  into  chimney. 


M«  m» 


6.15 


ej50      60.6 
61.6 
7.30  t  66.7 


8w00 

•  ••••, 

8.30 

9.06 

9.60 
10.20 
10.65 

11.45 


1.15 


85;7 
66.7 
57. 1 
68.0 
87.3 
69.4 
56.2 
68.5 
6*6.2 

58.5 
62.0 

62.0 
62  6 


201 

174 

211 

211 

214 

209 

226 

192 

232.5 

235 

245 

154 

300 

148 

267 

180 

268 

135 

275 
281 

285 
284 


165 
159 

149 
130 


-    I   57.7 
59.5 

59.6 
61.3 


293 
293 

127 
119 


112 

104 

2 


—30 


2,694 
1.931 


2.646 
1.128 
3.242 
4.212 

2.769 
2.406 
2.702 
2.352 

2.617 
1.969 

2.416 
2.188 


1.583 


REMARKS, 
drciiit  of  heated 


tnufmm  I4»07.stq>r»lbfltt  lei^  of 
121  feet4h«ii^toffilu»i««gri»fiMt 


Commenced  firing;  waler  in  boiler  0.2  ineh  abere  nonnal 

lerel. 
Wood  oonmnned,  67 j  IW. ;  coDBneneed  duorging  witfi  ooel» 

Steam  Mows  on  under  tiie  second  w^ght^  indndi  was  re- 
moved soon  aiftet. 

The  third  charge  of  ooal  is  neariy  aH  fine;  the  other  charges 
this  day  used  are  mostly  in  hunps ;  the  last  charge  had  one 
larg[e  hunp  sotrrocmded  with  fine  coal* 


Fining  tdark\  water  in  boiler,  0.9  inch  below  nermid  ierel^ 
tank  filled  at  9h.  45m. ;  smoke  15.5  seconds  in  reachmg- 
chimney  top;  syphon,  0.31;  extra  wei{^  removed  from 
back  vdve;  commenced  drawing  gases  at  lOA.  Om. ;  drew 
in  17  minutes  60  cubic  inches,  which  gave  water  0.45 
grain,  carbonic  acid  3.31  grains;  wind  SW.;  dear. 

Coomienced  drawing  gases  second  time  at  1 1  A.  8Sm. ;  drew 
in  9  minutes  60  tMc  inches,  which  gaveifater  0. 59  grain, 
carbonic  acid  2. 55  grains;  no  smoke  from  chimney. 

Coal  in  drying  appara^s  weighs  27  lbs.  9  J  oz. 

Smoke  24.5  seconds  in  reaching  chimney  top. 

Contents  of  ^sAl  pit  tiirown  on  grate  at  2A.  Om* 

Filled  tank;  damper  reduced  to  3  inches. 

Water  in  boiler  left  at  0.8  inch  below  normal  levvl. 

Water  0.3  inch  below  normal  level. 
Water  in  boiler  adjusted. 


Clinker 
Asfaes- 


RESIDUA. 


Airiies  b^iind  bridge 

Total  ashes  and  clinker 
Deduct  wood  ashes 


Pounds. 
.  49.00 
■   35.75 
-     2.97 


87.72 
0.269 


Totrf  waste  from  coal  -  -  --  -  .  -  -  .  87.451 


Coke 


8.98 


Soot 20.76 
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TABLE  CXXL— DEDUCTIONS  FROM 

Experiments  on  Creek 


1 

2 

8 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

28 

24 

25 

26 
27 

28 
29 
30 
81 
32 
33 
84 
35 
36 
87 
38 
39 
40 

41 

42 
43 
44 
45 
46 
47 


Nature  of  the  data  Airnished  by  the  respective  tables. 


Total  duration  of  the  experii&nt,  in  honrs    .  -  - 

Duration  of  steady  action,  in  hours  .  .  -  - 

Area  of  grate,  in  square  feet  •  -  -  - 

Area  of  heated  sur&ce  of  boiler,  in  square  feet 

Area  of  boiler  exposed  to  direct  radiation,  in  square  feet 

Number  of  charges  of  coal  supplied  to  grate  -  -  - 

Total  weight  o(  coal  supplied  to  grate,  in  pounds 

Pounds  of  coal  actually  consumed     -  -  -  - 

Pounds  of  coal  withdrawn  and  separated  after  trial     • 
Mean  weight,  in  pounds,  of  one  cubic  foot  of  coal 
Pounds  of  coal  supplied  per  hour,  during  steady  action 
Pounds  of  coal  per  square  fbot  of  grate  surface,  per  hour 
Total  waste,  ashes  and  clinker,  from  100  pounds  of  coal 
Pounds  of  clinker  alone,  from  100  pounds  of  coal 
Ratio  of  clinker  to  the  total  waste,  per  cent  -  -  - 

Total  pounds  of  water  supplied  to  the  boiler  -  - 

Mean  temperature  of  water,  in  degrees  Fahrenheit 
Pounds  of  water  suppUed  at  the  end  of  experiment,  to  restore 
level         ------- 

Deduction  for  temperature  of  water  supplied  at  the  end  of  ex- 
periment, in  pounds  -  -  -  -  - 

Pounds  of  water  evaporated  per  hour,  during  steady  action    - 
Cubic  feet  of  water  per  hour,  during  steady  action 
Pounds  of  water  per  squiire  foot  of  heated  sur&ce  per  hour, 
by  one  calculation  ,  -  •  -  - 

Pounds  of  water  per  square  foot,  by  a  mean  of  several  obser- 
vations    ------- 

Water  evaporated  by  1  of  coal,  from  initial  temperature  (a) 
final  result  ------ 

Water  evaporated  by  1  of  coal,  from  initial  temperature  (b) 
during  st^y  action  -  -  -  -  - 

Pounds  of  fuel  evaporating  one  cubic  foot  of  water     - 
Mean  temperature  of  air  entering  below  ash  pit,  during  steady 
pressure    ------- 

Mean  temperature  of  wet  bulb  thermom,,  during  steady  pressure 
Mean  temperature  of  air,  on  arriving  at  the  grate 
Mean  temperature  of  gases,  when  arriving  at  the  chimney 
Mean  temperature  of  steam  in  the  boiler        .  -  - 

Mean  temperature  of  attached  thermometer    ... 
Mean  height  of  barometer,  in  inches  '^-  -  - 

Mean  number  of  volumes  of  air  in  manometer 
Mean  height  of  mercury  in  manometer,  in  atmospheres 
Mean  height  of  water  in  syphon  draught  gauge,  in  inches 
Meaa  temperature  of  dew  point,  by  calculation 
Mean  s^mn  of  temperature  by  the  air,  before  reaching  grate    - 
Mean  difference  between  steam  and  escaping  gases 
Water  to  1  of  coal,  corrected  for  temperature  of  water  in  cis- 
tern and  boiler      ------ 

Water  to  1  of  coal,  from  212^,  corrected  for  temperature  of 
water  in  cistern  and  boiler  -  -  -  - 

Pounds  of  water,  from  212**,  to  1  cubic  foot  of  coal   - 

Water,  from  212^,  to  1  pound  of  combustible  matter  of  the  fuel 

Mean  pressure,  in  atmospheres,  above  a  vacuum 

Mean  pressure,  in  pounds  per  square  inch,  above  atmosphere 

Condition  of  the  air  plates  at  the  furnace  \mdge 

Inches  opening  of  damper,  (  U.  uj^mt)  -  .  . 


Ist  Trial. 

2d  Trial. 

(T.  cxvn.) 

(T.  cxvni) 

June  12. 

June  18. 

25.088 

24.083 

4.75 

4.65 

14.07 

14.07 

377  6 

877.6 

18.75 

18.76 

10.0 

10.0 

938  00 

950.75 

927.08 

946.06 

10.92 

5.69 

46.90 

47.637 

138.56 

117.11 

9.848 

8.323 

\ 

8.1363 

8:910 

3.9727 

4.8209 

48.827 

54.106 

7706.0 

7262.0 

7r'.8 

750.6 

416.0 

446.0 

55.0 

67.0 

1186.52 

932.3 

. 

18.98 

14.916 

3.143 

2«469 

3.409 

2.456 

8.252 

7.624 

t 

8.562 

7.961 

7.574 

8.1978 

76^50 

76«>.54 

62M25 

67*».7l 

225«».375 

256<'.33 

834^'.  125 

317^65 

232^.625 

230^.17 

74<>.00 

74?.0 

30.200 

29.927 

8.295 

8.469 

0.2280 

0.2109 

0.3814 

0.8283 

53^34 

680.47 

148°.  875 

1790.77 

101<>.50 

1070.33 

8.2082 

7.646 

9.2761 

8.6582 

435.05 

411.68 

'       10.0977 

9.6051 

1.449 

1.4069 

6  6312 

6.0094 

Open. 

Open. 

U.       10 

U.        8 

361 
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TABLES  CXVII,  CXVIII,  CXIX,  CXX, 
Company's  coaL 


SdTriiil. 

4th  Trial. 

Averages. 

Remarks. 

(7W.  CXIX.) 

{Tbh.  CXX,) 

Jwu^^. 

June  15. 

23.917 

24.25 

6.26 

5.25 

• 

14.07 

14.07 

# 

877.5 

877.5 

18.75 

18.75 

10.0 

1 1.0 

918.5 

1005.5 

901.97 

996.62 

16.53 

8.98 

10.58 

When,  on  the  8d  trial,  the  eombupUon  war  eon- 

45.925 

45.705 

46.517 

ducted  with  the  damper  drawn  but  5  inches,  the 

106.033 

122.04 

120.936 

weight  of  coke  left  unbumt  was  16.53  Ibs^  Bead  on 

7.586 

8.673 

8.695 

the  4th  trial,  with  damper  10  inches,  the  unbumt 

8.731 

8.785 

8.6406 

coke  was  8.98  lbs. 

3.9658 

4.9011 

4.4151 

45.42 

51.018 

49.8426 

• 

6188.0 

7089.0 

79M 

77^5 

427.0 

240.0 

55.0 

31.0 

642  775 

960.0 

930.399 

10.284 

15.36     ' 

14.885 

From  the  great  activity  of  the  fire  in  the  earlj  part 
of  the  first  experiment,  the  water  occasional^  rose 

1.703 

2.543 

2.4645 

m  foam,  and  discharged  a  little  vpnjt  until  the 
back  valve  was  unloaded;  the  evaporation  i%  there- 

1.568 

2.439 

fore,  suspected  to  be  given  too  high. 

6.799 

7.089 

7.441 

6.062 

7.959 

7.636 

• 

9.1925 

8.8165 

8.4452 

84<'.43 

8l^47 

74*.  07 

66<>.24 

811^09 

318<>.18 

276<».494 

301^09 

398<'.82 

3370.896 

The  temperature  of  the  gases  on  arriving  st  the 

230^^.60 

231<>.94 

chimney  was  generally  higher  when  the  coal  waa 

8 1^.00 

780,0 

burned  with  the  open  air  plate  than  when  with  it 

29.727 

29.961 

closed;  but  in  the  4th  trial,  when  tiie  fluea  had 

8.419 

8.436 

a 

become  mudi  coated  with  soot,  the  temperature  of 

0.2166 

0.2144 

• 

escaping  gasea  was  nearly  70o  higher  than  daring 

0.22 

0.8469 

0.3179 

the  first  and  second  ezperiBietits* 

70<>.40 

580.75 

226^.66 

23P.75 

I960. 764 

75^73 

172<».00 

1140.14 

6.8605 

7.0649 

7.4446 

7.7457 

7.9874 

8.4168 

355.72 

365.07 

391.855 

8.4867 

8.7567 

9.2116 

In  these  trials,  it  appears  that  the  open  air  plate  at 

1.445 

1.4237 

1.4311 

the  furnace  bridge,  together  with  the  freeidom  of 

6.5717 

6.2679 

6.3675 

the  flues  firom  soot  in  the  first  two  trials,  produced 

Clo«ed. 

Closed. 

results  decidedly  supenor  to  those  obtained  in  the 

/    U.      5 

U.     10 

opposite  circumstances  at  the^Sd  trial. 

^ 
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Oeneral  remarks  on  the  preeeding^  tabled tkdnetian^,  nnd^mt  the  ^mperi^ 

mente  from  which  it  is  derived. 


In  all  the  experiments  on  the  coal  of  the  Creek  Company^  it  will 
served  that  the  grate  remained  of  the  same  size,  the  circuit  for  the  gooes  of 
thrsame  length,  and-tfae  chimney  of  the  same-  height.  TYse  weight  of  «60fet 
burned  at  each  experiment  was  also  nearly  the  same.  The  period  «f 
steady  action  varied  from  4.75  to  6.25  hours. 

The  rate  of  combustion  appears  to  have  been  considerably  more  rapid 
on  the  first  than  on  any  of  the  subsequent  trials,  being  9.84S  pounds  per 
square  foot  of  grate  surface  per  hour,  while  the  average  for  the  other  Uiree 
days  was  but  S.177  pounds.  The  proportion  of  the  total  waste  on  the 
several  days  of  trial  varied  but  little.  It  was  least  when  the  rate  of  com- 
bustion was  greatest^-^hat  is,  on  the  first  triaU  This  uniformity  in  the 
earthy  residue  shows  that  the  sample  had  been  so  prepared  for  use  as  to 
exhibit  a  nearly  equal  purity  throughout ;  very  different  from  what  hap- 
pened in  several  other  samples  sent  for  these  experiments. 

It  appears  from  the  18th  line  of  the  table  of  deductions,  that,  with  the 
exception  of  the  last  trial,  nearly  the  same  quantity  of  water  was  supplied 
on  each  morning  after  terminating  an  experiment,  in  order  to  restore  the 
level  of  water  in  the  boiler  to  correspond  to  the  existing  tetnperature. 

The  rate  of  evaporation  was  very  different  on  the  different  trials:  IS«98 
cubic  feet  of  water  were  evaporated  per  hour  on  the  first,  and  only  10.28 
on  the  third.  The  average  rate  for  four  days  was  14.885,  which  is  be- 
tween the  free-burning  bituminous  coals  and  the  artificial  cokes  already 
exhibilied  in  conne;^oa  with  the  aynoptical  table  of  the  free-burning  class. 
The  evaporative  effieieney  of  the  pound  of  coal  given  on  the  first  trial 
(line  41)  is  materially  above  that  in  either  of  the  others,  and  leads  to  the 
suspicion  that  the  brisk  action  of  the  fire  may  have  caused  some  water  to 
escape  on  that  day  mechanically  mixed  with  the  steam.  It  was  on  that 
occasion  found  necessary  to^allow  the  steam  to  escape  at  both  valves,  in 
order  to  equalize  the  pressure,  and  prevent  too  much  local  ebullition  by  the 
current  of  steam  flowing  towards  a  single  point  of  exit. 

The  two  trials  with  the  air  plate  open  have  evidently  given  results  (as 
seen  in  line  43)  which  considerably  surpass  those  obtained  with  the  plate 
dosed.  This  appears,  in  fact,  to  be  the  principal  circumstance  which  caused 
a  marked  difference  in  the  effect  of  this  coal  on  the  separate  days  of  triaU 

The  tables  of  experiments  show  that  the  products  of  combustion  were 
arfalyzed  either  wholly  or  partially  on  every  day  during  the  combustion  of 
this  sample.  On  the  first  day  were  made  three ;  on  the  second,  third,  and 
fourth,  each,  two  analyses.  One  point  attempted  to  be  ascertained  by 
these  trials,  was  the  relative  proportion  of  the  principal  products  when,  in 
the  one  case,  smoke  was  flowing  copiously  from  the  chimney,  and,  in  the 
other,  when  it  discharged  only  invisible  gases.  It  appeared,  as  a  general 
result,  that  carbonic  acid  was  in  greatest  abundance  while  smoke  came 
most  copiously  from  the  flue,  and  that  aqueous  vapor  was  not  then  relative 
in  so  great  quantity  as  at  a  subsequent  period,  when  the  smoke  had  disap- 
peared. 
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No;  S. 

Bituminous  coal  from  the  Clover  Hitt  mines,  on  the  ,Sppdmattoi  riveff 

Virginia. 

* 

The  following  letter  states  the  origin  of  this  sample,  and  gives  other  re- 
quisite information : 

"  P£TSasBtT&G;  June  IS,  1842. 

** Dear.  Sir:  In  consequence  Of  the  desire  expressed  by  the  Board  of 
Navy  Commissioners  to  be  f urni^ed  with  spe(4mens  of  the  diflbrem  ^merU 
eah  coalSf  I  have  taken  the  liberty  to  order  to  be  sent  to  the  navy  yard  at 
Washington  five  hogsheads,  containing  a  little  upwards  of  two  tons  of  coal, 
firom  the  Clover  Hill  mines.  This  I  hope  the  IBoard  tvill  do  me  the  favor 
to  receive,  and  submit  to  such  tests  and  analyses  as,  in  their  opinion,  may 
be  calculated  to  prove  its  adaptation  to  steam  purposes; 

"  The  Clover  Hill  mines  are  situated  oii  the  Appomattox  river,  about 
twenty  miles  ab6ve  the  town  of  Petersburg,  State  of  Virginia.  The  pres- 
ent shipping  point  for  the  coal  is  Petersburg,  or  City  Point ;  and  it  can  be 
delivered  more  cheaply  or  expeditiously  at  Norfolk  than  any  other  town  or 
city  on  the  Atlantic  seaboard ;  but  it  may  be  snipped  to  any  other  seaport 
town,  though  at  greater  cost,  as  the  location  of  its  shipping  point  sliows. 

"As  may  bo  seen  by  examination  of  the  specimen  sent,  from  the  square 
£raeture  and  hard  grain  of  this  coal,  it  may  be  raised  and  transported  in  a 
lumpy  state.  The  specimen  sent  was  extracted  from  the  mine  about  the 
15th  day  of  May  last,  and  from  that  time  till  within  a  few  days  has  been 
exposed  to  the  sun  and  weather. 

**  The  specimen  was  taken  from  a  cargo  recently  shipped  to  the  navy 
yard  at  Gosport,  in  fulfilment  of  a  contract  made  by  th^  Clover  Hill  Com-' 
pany  to  furnish  800  tons  of  coal  at  that  point  for  the  use  of  the  Govern- 
ment. I  would  respectfully  suggest  to  the  Board  the  propriety  of  seeking 
from  the  commandant  of  the  Gosport  station  information  in  relation  to  the 
quality  and  size  of  the  Clover  Hill  coal  delivered  there,  as  compared  with 
coal  delivered  there  by  other  contractors.  It  must  be  more  satisfactory  to 
be  informed  of  the  character  and  quality  of  coal,  as  well  in  mass  as  in  spe- 
cimens ;  for  all  mines  will  produce  specimens  superior  to  the  general  ricli- 
ness  of  the  vein, 

*'  If  the  Board  be  pleased  with  the  coal,  and  desire  a  supply  beyond  the 
present  contract,  the  Clover  Hill  Company  are  prepared  to  extend  the  con- 
tract to  2,000  or  3,000  tons,  to  be  shipped  during  the  summer  or  the  next 
winter,  for  the  same  price  per  ton  as  the  contract  already  made. 

**  I  have  not  thought  fit  to  trouble  the  Board  with  a  particular  descrip- 
tion of  the  Clover  Hill  mines,  or  to  enter  into  details  in  regard  to  the  thick- 
ness and  extent  of  the  vein,  the  facilities  of  transportation,  &c.,  because  not 
infbrmed  that  such  information  was  desired.  But  this,  or  any  other  infor- 
mation I  have  on  tho  subject  of  coal  in  this  section  of  the  country,  will  be 
cheerfully  furuishfid  them  at  any  time  they  may  indicate  a  wish  to  receive 
it.  I  am  pleased  to  see  that  the  Navy  Board  have  determined  to  seek  in- 
formation in  regard  to  the  adaptation  of  different  coals  to  uses  of  generating 
Bteam.  It  is  a  subject  of  growing  interest  and  importance  ;  and  tho  plan 
adopted  to  get  information  by  an  actual  test  of  the  different  varieties,  is 
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probably  the  best  for  both  the  miner  and  (he  Government  that  could  have 
been  adopted. 

"  Very  respectfully,  your  obedient  servant, 

"JAMES  H.  COX, 
"  President  q/"  Clover  Hill  Companjf." 

This  coal  differs  considerably  in  aspect  from  any  of  the  Virginia  coals 
hitherto  described.     The  color  is  dull  black,  and  the  surface  is  not  unfre- . 
quently  coaled  with  carbodate  of  lime  in  scales  of  considerable  thickness. 
The  main  partings  are  inclined  in  an  angle  of  about  65°  to  the  surfaces  of 
stre  is  mostly  glimmering  or  resinous.     The  abates  of 
e  marked  «vjth  specks  of  oiide  of  iron.     The  lumps, 
eighteen  months,  tend  to  disintegrate.    The  surfaces 
t,  in  some  cases,  the  conchoidal  fractures  already  no> 
other  samples  from  the  same  coal  field. 
ity  of  one  specimen  {a)  of  this  coal  was  found  to  be 
1.2823,  and  that  of  aiioiher  (A)  1.2887 ;  from  which  the  weight  per  cubic 
foot  of  the  solid  coal  is  calculated  to  be  80.355  pounds. 

On  weighing  in  Che  charge  box,  mostly  in  the  stale  of  lumps,  all  the  coal 
burned  at  four  trials,  the  result  was  45.4S5  pounds  per  cubic  foot ;  the  high- 
est number  found  in  any  one  trial  being  53.5,  and  the  lowest  40.S75.  l^e 
average  weight  thus  obtained  Is  0.566  of  the  calculated  weight  derived 
from  the  specific  gravity. 
The  space  for  stowing  1  ton  is  49.247  cubic  feet. 
The  moisture  expelled  in  analyzing  specimen  a  was  1.409,  and  in  b 
1.877  per  cent.       , 

Twenty-eight  pounds  of  the  coal,  in  its  average  state,  exposed  for  four 
days  in  the  steam  drying  apparatus,  lost  6  ounces,  or  L.339  per  cent. 

Specimen  b  gave  of  sulphur  0.5139  per  cent.  The  volatile  matter,  ex- 
cepting moisture,  in  a  was  31.791 ;  and,  excepting  moisture  and  sulphur, 
in  £  it  was  2S.409. 

Of  ashes,  87.18  grains  of  a  gave  5.46  grains,  or  6.267  per  cent;  303.07 
grains  oib  gave  13.26  grains,  or  4.3752  per  cent. 
From  these  data,  we  have — 

Of  moisture 

Of  sulphur 

Of  other  volatile  matter     • 

Of  earthy  impurities 

Of  fixed  carbon     • 


The  volatile  to  the  fixed  combustible    1 :  1.904 

Two  specimens,  examined  by  Doctor  King,gave, respectively, 31.25  and 
37.50percent.  of  volatile  matter,  including  moisture ;  and,  as  the  two  above 
given  afforded  the  numbers  33.8  and  30.2  for  the  same  ingredients,  it  may 
probably  be  safe  to  assume  the  mean  of  these  four  numbers,  or  33^37,  as 
the  total  volatile  matter  of  this  coal  on  a  large  scale,  including  hygromet- 
ric  moisture.  From  this  deducting  1.339,  the  moisture  found  in  the  steam- 
ing apparatus,  we  have  31.698  as  the  per  centage  of  volatile  combustible. 


Specimen  a. 

Spedraen} 

1.409 

1.277 

(not  tried) 

0.514 

31.791 

28.409 

6.267 

4.375 

60.533 

65.425 

100. 

100. 

1  :  1.904 

1  :  2.268 
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During  four  trials  of  evaporative  power,  there  were  burned  3,775.1 
pounds  of  this  sample ;  and  the  weight  of  ashes  was  246.655  pounds,  of 
clinker  149  pounds,  and  of  soot  42  pounds.  The  ashes  weighed  53.81 
pounds  per  cubic  foot,  and  lost  by  reincineration  14.93  per  cent.  The 
clinker  weighed  44.62  pounds  per  cubic  foot ;  lost  nothing  by  calcination ; 
but,  on  the  contrary,  gained  very  nearly  1  per  cent,  by  perdxidizing  the 
iron,  which  was  previously  partly  in  the  state  of  magnetic  oxide.  The  soot 
weighed  9.2  pounds  per  cubic  foot,  and  lost  43.67  per  cent,  of  its  weight  by 
incineration. 

After  making  these  deductions  for  combustible  ingredients  in  the  several 
residua,  there  were  left  382.49  pounds  of  matter  absolutely  incombustible, 
or  10.132  per  cent.     From  this  analysis  of  the  whole  sample,  we  have — 

Moisture           -            .            -            .                         .  1.339 

Volatile  matter  other  than  moisture      -           -         '  -  31.693 

Ashes  -            -            -   •         -            -            -            -  10.132 

Fixed  carbon    ..--..  56.831 


100. 


This  gives  the  relation  of  the  volatile  to  the  fixed  combustible  matter  as 
1  : 1.7929. 

Oxide  of  lead  reduced  by  specimen  b  gave  26.962  limes  its  weight  in 
metallic  lead.  Deducting  ashes  and  moisture,  this  gives  of  lead  to  1  of 
combustible  matter  28.527.  .    y 

On  specimen  b  an  experiment  was  made  by  the  organic  method  of 
analysis. 

For  this  purpose,  6.05  grains  of  the  coal,  perfectly  dried,  were  treated 
with  all  the  usual  precautions  with  the  scale  oxide  of  copper.  As  the  raw 
coal  had  1.277  per  cent,  of  moisture,  and  4.3752  per  cent,  of  ashes,  the  per 
centage  of  drj/  coal,  which  is  composed  of  combustible  ingredients,  is  100 — 
4.4318=95.5682  ;  which  shows  that  in  6.05  grains  of  dry  coal  there  were 
5.7813  grains  of  combustible  materials. 

The  water  collected  in  the  chloride  tube,  and  sulphuric  acid 

bulb,  weighed  -  -  •  •  -  -2.Je  grs. 

The  carbonic  acid  in  the  three  tubes  for  its  reception  -  -    17.68 

Hence,  the  hydrogen  is  0.2866,  (=J  of  the  water,) 

and  the  carboij  4.8217,  (=^V  ^^  ^^^  carbonic  acid.) 

The  sum  of  these  =  5.1083,  deducted  from  5.7818,  leaves  for  oxygen 
and  azote  0.6735. 

Hence,  the  composition  of  100  parts  of  the  combustible  matter  of  the 
dry  coal  is — 

Carbon  •►  -  •  -  •  -83.393 

Hydrogen         -  -  -  -  -  -        4.958 

Oxygen  and 'azote         -  -  -  -  -      11.649 

100. 


As  the  volatile  matter,  other  than  moisture,  in  100  of  the  raw  coal,  ^as 
found,  by  previous  experiment,  to  be  28.923  per  cent,,  we  may,  from  the 
foregoing  analysis,  deduce  the  weight  of  carbon  which  that  volatile  matter 
contained. 
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Thus^  as  the  tnoistur^  is  -  -  -  •       1.277  per  cent 

Ashes   -  -  -  -  -  -  -        4.375      '^ 

(94.548)  composed  of  ^  oiygeH  and  azote      -      10.991      '^ 

the  sum  of  the  lost  two,  15.668,  subtracted  from  28,923^  leaves  for  carbon^ 
in  the  volatile  matter,  13.255. 

Deducting  the  amount  of  hydrogen  equivalent  to  saturate  the  oxygen  in 
the  coal,  we  have  left  3.303  parts  ;  and  admitting  the  heating  power  of  this 
to  be  62,535,  according  to  the  result  of  Dulong^s  researches,  we  obtained 
62535  X0-03303=2065.5=the  weight  of  water  heated  one  degree  Fahren- 
heit by  the  burning  of  the  hydrogen  in  one  pound  of  this  coal.  By  assum« 
ing  the  heating  power  of  carbon  to  be  12.906,  according  to  the  same  au- 
thority, we  have  12906  X78.68=10154.5=the  heating  power  from  the 
carbon  in  one  pound  of  coal.  The  sum  of  these  two  numbers  is  12.220= 
the  number  of  pounds  of  water  heated  1^  by  the  combustible  ingredients, 
omitting  the  sulphur.  This  number,  divided  by  1030^,  the  latent  heat  of 
the  vapor  of  water,  gives  11.864  pounds  of  water  converted  into  steam 
from  212^,  by  the  combustion  of  one  pound  of  this  coal. 

Comparing  the  above  result  with  the  practical  heating  power,  as  given 
in  the  table  of  deductions,  we  have  a  wide  difference.  The  highest  amount 
of  water  from  212°  to  1  of  coal,  was  only  5.0468.  The  apparatus  for  draw- 
ing gas  from  the  chimney  had  not  been  arranged  at  the  time  this  sample 
was  burned ;  and  I  cannot,  therefore,  offer  any  direct  observations  to  test 
the  products  of  its  combustion,  from  which  to  derive  its  heating  power,  such 
as  are  contained  in  a  subsequent  part  of  the  report^  upon  various  other  sam- 
ples of  coal. 

But  we  may  deduce  this  from  anotheY  source. 

The  table  of  deductions,  following  those  of  experiments  on  this  coal, 
furnishes  the  highest  amount  of  water  evaporated  from  212°  to  1  of  com- 
buslible  matter  in  the  coal,  9.1513,  and  the  average  8.5885. 

In  burning  the  Tippecanoe  coal,  (which  is  in  all  respects  a  perfect  coun- 
terpart of  the  Clover  Hill,  the  two  pits  being,  I  understand,  in  close  prox- 
imity and  on  the  same  bed,)  the  gases  of  the  chimney  were  analyzed,  and 
theheat  expended  on  all  the  principal  absorbents  is  calculated.  The  evap- 
orative power  of  1  of  coal  in  that  case,  as  derived  from  the  steam  it  ex- 
pelled from  the  boiler,  was  8.408 ;  and  the  total  power  expended  on  all 
the  absorbents  is  10.29.  Hence,  of  the  total  evaporating  power  measured^ 
there  was  employed  on  the  boiler  81.504  p^  cent. 

The  water  evaporated  by  1  of  combustible  matter  on  the  same  day  was 
9.2932 ;  and  the  total  evaporative  power  to  1  of  combustible  must;  tbsre- 
fMPe^  have  been  11.402. 

Taking  81.504  per  cent,  as  the  proportion  of  heat  expended  on  the  boiler 
in  the  case  of  Clover  Hill  coal,  the  total  maximum  evaporative  power  of 
1  of  combustible  was  9.1513-f-0.£1504=11.228;  and  the  at;fra^^  is  8.5885 -i- 
0.31504=10.537.  To  compare  this  with  the  result  of  the  above  ftnalysis, 
we  have  the  carbon  in  one  of  combustible  0.83393 :  and  this  multiplied  by 
12906;  gives  10745  as  the  /seating  power ;  and  the  steam  evaporating 
power  13  10745-h  1030=10.445.  Hence,  the  carbon  alone  appears  to  t^ 
jadequate  to  produce  the  whole  average  evaporative  effect  observed.  The 
excess  of  by4cotgen  was  0.03502  of  ibe  combustible  matter,  and  0.03502  X 
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6S5S5r^l90;ftdiie  computed  heating  power  of  the  hydrcfen^  of  xrhich  the 
equivalent  in  evaporative  power  is  2.126. 

ynaea  tried  in  the  sttiich  shops,  the  workmen  complaiied  that  this  coal 
made  a  large  amount  of  cinder ;  would  not  form  a  good  tollow  ire  of  any 
considerable  durability ;  and  that  it  corroded,  or,  as  one  apressd  it,  ^  ate 
up''  the  iron. 

In  burning,  it  falls  into  small  lumps,  which,  under  the  iteam  toiler,  oc- 
casioned a  large  portion  to  pass  through  the  grate,  and  ii  the  snith's  fire 
prevented  forming  a  durable  arch.  In  office  and  parl<H  grates,  the  same 
cause  produces  a  strong  tendency  to  waste. 

For  the  manufacture  of  iron,  it  will  require  <u>king .  and  wiere  this 
operation  is  performed  on  large  quantities,  the  a^lutinatjon  may  >robably 
be  sufficient  to  constitute  a  suitable  fuel  for  that  purpose. 

The  average  time  required  to  bring  the  boiler  to  steidy  actim,  while 
burning  this  coal,  was  1.933  hour. 

The  weight  of  coke  left  unburnt  11.512  pounds. 

It  will  be  remarked  that  it  yields  a  very  large  amountof  soot.  The  ac- 
cumulation of  it  in  the  interior  flues  of  the  boiler  was  such  as  todiminish 
their  opening  nearly  one-half;  and  in  the  outside  flues,  the  mrfae  of  the 
boiler  there  exposed  was  covered  from  an  inch  to  an  inch  anda  half  in 
thickness,  in  the  course  of  four  trials. 
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TABLE  CXXII.— CLO 
First  trial — upper  damper  12 


TEMPEKATVllSS  OF  THB 

• 

1 

*S 

# 

i 
1 

1 
i 

.5 

• 

•31 

1 

1 

V 

1 

• 

1 

i 

.3 
63 

1 

i 

Date. 

Hour. 

n 

100 

•9  ^ 

«J   B 

S 
0) 

OD 

138 

1 
•S 

1 

OQ 

154 

|e 
< 

J 

1 

X 

s 

•s 

X 

1 

> 

*1 

1 

0.08 

it 
•? 

May   2 

A*  nt, 

A.  M. 

5.00 

30.20 

7.40 

5.5 

. 

no 

192 

63 

202 

— 

30.27 

- 

- 

0.12 

- 

^* 

8.20 

5^ 

.. 

130 

222 

63 

225 

— 

30.28 

0.177 

8.82 

0.10 

- 

- 

m 

8.40 

5i 

- 

138 

226 

62 

228 

- 

30.27 

0.193 

8.66 

0.11 
0.12 

230 

84. 5e 

9.00 

58 

. 

154 

231 

'ei" 

229 

. 

30.27 

0.193 

8.66 

9.15 

5f 

. 

165 

233 

62 

229 

— 

30.28 

0.r93 

8.66 

0.11 

280 

84.50 

9.45 

60 
60 

^ 

196 
234 

247 
260 

61 
60 

229 
229 

"" 

30.28 
30.28 

0.197 
0.195 

8.62 
8.64 

0.12 

615 

76.60 

10.00 

0.12 

1020 

- 

10.30 

60 

. 

264 

269 

60 

227 

^ 

30.28 

0.195 

8.64 

0.13 

1276 

86.75 

11.20 

60.5 

- 

334 

270 

61 

228 

- 

30.28 

0.191 

8.68 

0.14 

1865 

96.85 

p.  M. 
0.05 

60 

. 

368 

272 

61 

9 

228 

,„ 

30.27 

0.193 

8.66 

0.14  2555 

92.50 

1.00 

61 

• 

402 

267 

61 

228 

— 

30.26 

0.189 

8.70 

0,15  3125 

102.00 

1.30 

62 

. 

424 

251 

62 

228 

• 

30.24 

0.185 

8.73 

O.I3'3605 

-> 

12.00 

62 

. 

434 

270 

62 

228 

30.24 

0.186 

8.72 

0. 13' 3945*1 05.75 1 

2.30 

63 

• 

440 

252 

62 

228 

30.24 

0,185 

8.73 

0.1314065 

- 

3.00 

64 

«. 

450 

257 

67 

228 

30.23 

0.184 

8.74 

0.13'4395|  102.751 

3.40 

64 

^ 

460 

256 

68 

228 

— 

80.23 

0.177 

8.82 

0.154885 
0.13  5135 

64.00 

4  20 

64 

_ 

470 

252 

68 

228 

« 

30.23 

0.180 

8.79 

- 

4.50 

65 

.la 

474 

244 

68 

228 

— 

80.22 

0.177 

8.82 

0.12;5475 

98.00 

5  26 

65 

M 

480 

241 

68 

228 

mm 

30.22 

0.179 

8.80 

0.13|5730 

97.26 

6.15 

65 

49(1 

230 

68 

228 

- 

30.22 

0.171 

8.88 

0.13  6185 
1 

92.50 

6.30 

65 

488 

240 

68 

226 

• 

- 

30.22 

0.159 

aoo 

0.12 

6760 

May   3 

1.  X. 

S.OO 

56 

260 

194 

67 

214 

.. 

80.31 

.. 

• 

0.12  6760 

^.£10 

1 

55 

. 

244 

188 

65 

202 

" 

30.32 

^ 

1 

0.14  8355 

" 

Period  a  steady  action,  from  9A.  45m.  a.  m.  to  6A.  15m.  p.  xn.«8A.  30m.  Coal  supplied  to 
the  grate,  <2.75  lbs.;  water  to  the  boiler,  5,570  lbs.;  water  to  1  of  coal,  5.846.  (More  coal  w«f 
doublksBB  otthe  grate  at  the  end,  than  at  the  beginning  of  the  aasumed  period  of  steady  actioii.) 
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VER  HILL  COAL. 

inches  open  ;  air  plates  removed. 


a 

8> 


s 
g, 
§ 


i 

■3 

Q 


A*  771. 


8.40 


9.15 
9.45 


10.30 
11.20 

0.05 
1.00 

2.00 

3.00 
3.40 

4.25 
5.25 
6.15 


5.2 


o 


I 


5 
& 


50 
58  5 
76 
83 


96 
106 
136 

174 

204 
273,5 

308 
341 
362 
372 
377 
386 
396 
406 
409 
415 
425 


^  5 
S  I 


bi   c)   a 


IJ 
^1 


g.bC 

'Is 


s. 


REM ARKa— Grate  sur&ce  16.25  equare  feet;  length  of 
circuitof  heated  gases  121  feet;  height  of  chimney  41  feet. 


423 

204 
189 


16 

.10  ^ 
.  3 
-  2 

.  2 

4 

18 


31 

42 

42 

44 
39 
23 
42 
24 
29 
28 
24 
16 
16 
2 


14 

-20 
■14 


1.828 
0.529 
1.775 


2.331 
2.344 

• 

2.437 
1.646 
2.543 
1.801 
0.635 
1.748 
1.947 
0.993 
1.801 
1.168 
1.446 


Fire  kindled  at  5h.  3Qm.  a.  m. 
Water  in  boiler  at  normal  level. 

Wood  342^  lbs.;  steam  begins  to  blow  off;  commenced 
charging  with  coal;  filled  tank  at  Sh.  30m.  a.  m. 

Placed  28  lbs.  of  coal  in  the  drying  apparatus. 
Damper  14  inches  open. 


8moke  constant  at  chimney  top,  especially  dense  at  charg- 
ing. 

The  fluid  in  syphon  too  thick  to  flow  properly. 

By  a  mean  of  three  observations,  smoke  26  seconds  in 
reaching  chimney  top. 


Filled  tank  at  2A.  30m.  p.  m. 


Gases  take  31  seconds  to  reach  chimney  top. 


Water  in  boiler  adjusted. 


Clinker 

Aabea 

Ashes  bdiind  bridge  - 


RESIDUA. 


Pounds. 
56.50 
41.50 
15.65 


Total  clinker  and  ashes  .--.-..-   113.65 

Deduct  wood  ai^es     ---------       1.051 


Total  waste  from  coal 
Coke 


-   112.599 


6.25 


24 
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TABLE  CXXIIL— 
Second  trial — upper  dumper  It 


Date. 


May  3 


May  4 


Hour. 


hm  tn. 

A.  X. 

6.60 
7.36 
8.46 

9.00 
9.20 


TEMPEBATUBfiS  OF  THB 


Cxi 

a  ^ 

1-^ 


10.10 
10.40 
11.20 
p.  X. 
0.00 

0.30 
1.00 
1.40 
2.30 
2.50 
3.40 
4.20 
6.00 
6.40 

6.10 


56 
56 
65 

55.6 
66.6 


66 
56 
66.6 

57 

57 
58 
69 
60 
60 

eo^ 

61 
61 
61 

60 


A.  X. 

6.30 
6.30 


if 


I 


62 


244 
226 
236 

220 
232 


240 
254 
264 

312 

336 
370 
386 
410 
416 


I 

S 

:a 

a 
bo  . 

|c 

S 

9  • 

O 


188 
234 
274 

271 
280 


350 
435 


286 
280 
298 

308 

310 
308 
310 
304 
306 
306 
306 
300 
294 

29^ 


194 


.S 


65 
63 
61 

Bl 
61 


62 
62 
62 

63 

61 
62 
62 
62 
62 
C2 
63 
63 
63 

63 


63 


202 
204 
226 

228 
227 


227 
228 
228 

228 

227 

228 
228 
228 
238 
228 
228 
228 
228 

228 


206 


1  S 
I 

S 


s 


30.82 
30.32 
30.31 

30.32 
30.32 


30.32 
30.32 
30.31 

30.32 

30.31 
30.31 
30.30 
30.28 
30.28 
30.28 
30.28 
30.28 
30.28 

30.28 


0.169 

0.177 
0.182 


30.32 


0.188 
0.182 
0.188 

a  187 

0.187 
0.190 
0.180 
0.187 
0.187 
0.186 
0.177 
0.184 
0.181 

0.182 


9.00 

8.82 
8.76 


8.70 
8.76 
8.71 

8.72 

8  72 
8.69 
8.79 
8.72 
8.72 
8.74 
8.82 
8.74 
8.78 

8.76 


S    . 

o 

to 


0.14 
0.12 
0.12 

0.14 
0.14 

0.14 
0.14 
0.13 


0.16 

0.16 
0.14 
0.16 
0.16 
0.16 
0.16 
0.16 
0.16 
0.17 

0.14 


0.10 


246 
466 
665 


86.75 
89.50 


985 

1315 
1665 
2005 
2300 
2545 
2970 
3410 
3730 
3960 

4125 


4745 
5730 


92.25 


93.25 
100.25 

86.25 

83  50 
96.00 


82.75 
t 


Period  of  steady  actioiii  from  11  A.  40m.  a.  m.  to  6A.  10m.  p.  m.— 6A.  30fn.;  coal  supplied 
to  the  grate,  541  Ibe,;  water  to  the  boiler  for  the  same  time,  3,300  lbs.;  water  to  1  of  coal,  6.099, 
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CLOVER  HILL  COAL 
inches  open  ;  air  plates  removed. 


a 


1 
i 

■a 


I 

g 


1 

i 


§ 


A*  fn> 


9.  SO 
10. 10 


11.40. 


0.45 
1.43 

2.50 

4.00 
5.00 


6.10 


I 


II 


iJ 


•3 


bO 


s 

Q 


189 
171 
181 

164.5 
176.5 


184 
198 
107.5 

255 

279 
312 
327 
350 
355 


289 
375 


I 


bO 


—14 
+30 

48 

43 
53 

59 
62 
70 


1 


0 

O 

M 

I 


80 

83 
80 
82 
76 
78 
78 
78 
72 
66 

66 


—12 


REMARKS.— Grate  sur&ce  16.25  square  feet;  length  of 
circuit  of  heated  gases  1 2 1  fiwt;  height  of  chimney  4 1  feet. 


1.166 
0.795 


1.271 

1.748 
1.324 
1.748 
0.938 
1.947 
1.033 
1.748 
1.314 
0.914 

0.874 


Kindled  fire. 
Filled  tank. 

Wood  consomedf  171^  lbs.;  steam  at  equilibrium;  com- 
menced charging  with  coaL 
Steam  begins  to  blow  off;  upper  damper  16  inches  open. 


Damper  set  at  12  inches. 
Damper  at  6  inches. 


Coal  in  drying  apparatus  weighs  27  lbs.  13  oz.  - 
Smoke  25  seconds  in  reaching  chimney  topw 

Filled  tank  at  5/t.  30m. 

The  tighter  charges  were  entirely  or  chiefly  lumps — th^ 

heavier,  mostly  fine  coaL 
Contents  of  ash  pit  thrown  on  grate. 


Water  in  b(Mler  found  2.1  inches  below  normal  level  at  2 12^. 
Water  in  boiler  adjusted. 


RESIDUA. 


Ctinker      - 

Ashes 

Ashes  behind  bridge 


Ikdnct  wood  ashes 
Told  wtile  from  coal 
Coks 


Poundt. 
32.50 
53.75 
10.61 

96.86 
0.526 

96.334 
10.43 
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TABLE  CXXIV CLO 

Third  trial — vpper  damper  G 
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VER  HILL  COAL. 
inches  openf  air  plates  open. 


I 


§ 


7.00 


8.45 
9.45 


11.00 


0.15 
I.IO 
2.30 

3.45 


5.00 
6.10 


^ 


1 
I 


I  , 

o  aS  es 


95 
97 

94 


1^ 


^  s  >i 


113.5 
124 

172 

204 

221.5 

238 

253 

293 

301 

820 

320 

328.5 

340.5 

334.5 

346.5 

361 


—  44 

+  42 

47 

68 

91 

102 


355 

184.5 
179 


105 
112 
117 

117 
113 
101 
97 
95 
95 
92 
90 
91 
95 


90 

—  22 

—  28 


0.936 
1.45§ 
0.795 


1.430 
1  322 

1.689 

0.727 
1.430 
1.987 
1.148 
0.795 
1.775 
1.180 
1.509 
1.490 
2.089 


REMARKS.— Grate  surface  14.352  square  feet;  length  of 
cbcuft  of  heated  gasee  121  feet;  height  of  chimn^  41  feet; 
holes  in  air  plates  0.4  inch  in  diameter. 


Commenced  firing. 

Wood  consumed,  127  lbs.;  conmienced  charging  with  coal 

steam  at  equilibrium. 
Upper  damper  set  at  17  inches;  steam  blows  off;  opened  ( 

rows  of  holes  in  air  plates;  at  8A.  15fii.  a.  m.  damper  re> 

duced  to  10  inches;  smoke  at  chimney  top  whilst  charg- 

ing  and  stoking. 
Damper  reduced  to  8  inches;  air  plates  entirely  opened  at 

10^.  6m.  a.  m. 
Smoke  26  seconds  in  reaching  chimney  top. 
Some  smoke  at  chimney  top. 
Filled  tank  at  lU.  55m. 

Smoke  from  diimney. 
Damper  reduced  to  6  inches. 


Steam  very  low;  smoke  at  chimney  top. 

The  lightest  charges  consisted  abnost  entirely  of  tump  coal. 
FiUed  tank. 


Contents  of  ash  pit  thrown  on  grate;  water  left  1 .4  indi 
above  normal  level. 


Water  in  boiler  adjusted. 


REsrouA. 

Paundi. 
Clinker  -  -  •  -  -  -  -  -  -  -30  00 

Ashes 51.71 

Adies  behmd  bridge  -  -  -  -      ' 11.74 

Total  clinker  and  ashes  •  -  -  ..  .  .  -        93.49 

Deduct  wood  ashes    -  -  -  -  -  -  --v-  0.89 

Total  waste  from  coal  .-------        98.10 

Coke  .....^....        18.00 
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TABLE  CXXV.— CLO 
Fourth  trial — upper  damper  12 
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VBR  HILL  COAL. 
incjus  opeuj  air  plattl  4^ptn. 


—SB 
+89 

43 

IBI 
139 
131 

1} 

REMARKS,— Orate  bujt&m  14.353  mfout  feMi  kngtb of 
drctiit  (rf' heated  gun  131  feet<  tkdght  of  chiiaB«7  41  fiwt. 

- 

170 
167 

161 

1.363 
0.687 

0.98T 

e.oi 

Steam  bogiiu  to  Mow  off;  rspgei  iuapa  nt  at  IS  incbM. 

B.i6 
9.45 

IBS 
I9E 

217 

sso 

297 
316 

36S 
379 
411 
39* 
413 
461 
436 
470 

Coal  in  diyiog  a^uWM  ynifta  87  ibe.  10  oi. 

10.15 

11.15 

0.10 

1.15 

8,30 
3.30 

S.00 

134 
130 
133 

116 
109 
1S4 

181 
108 
09 
89 
76 

1,361 
0.900 
1.GT3 

1.371 
1.888 
1. 063 

1.0S9 
0.967 
0.874 
0.68S 

FiUoltuk. 

Mn&y  lump*,  the  henier  roosti;  &at  ooal. 
Smoke  flowing  from  chimnej. 
Cmtttit*  of  Mh  pit  Ihnnm  on  gnle,  and  ur  plate*  clowd. 

- 

470 

196 

102 

76 

—  8 

1.366 

Water  in  boUw  left  1.4  indi  alxm  aonul  ]e*d: 

Water  1.75 inch  below  aoraial  leTtl. 
Water  in  boiler  «lju<t(d. 

RESIDUA. 

P»andt 

CUnker >».«) 

Aihee -                         -  *'•'» 

Aahea  behind  bridge 13.M 

ToWl  clinker  and  ashes '     -            -            -  •*■<» 

Dednrt  wood  ashea      --------            -  ^-^^ 

Total  ws«8  ftom  coal  .---.---            -  93.031 

Coke -  U-373 

Saot «■«> 
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TABLE  CXXVL— DEDUCTIONS  FROM 

Experiments  on 


1 

2 
3 

4 
5 
6 
7 

8, 

9 

10 

1 

12 

13 

14 

15 

6 

7 

L8 

19 

20 
21 
22 

28 

24 

25 

26 

27 

28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
88 
39 
40 

41 

42 
43 

44 

45 
46 

47 


Nature  of  the  data  fumuhed  bj  the  raspectiTe  tables. 


Ut  Trial 
(^TabU  CXXn.) 


Total  duration  of  the  experiment,  in  hoars 
Duration  of  steady  action,  in  hours       ... 
Area  of  grate,  in  square  feet     .... 
Area  of  heated  sur&ce  of  boiler,  in  square  feet  - 
Area  of  boiler  exposed  to  direct  radiation,  in  square  feet  - 
Number  of  charges  of  coal  suppUed  to  grate 
Total  weight  of  coal  supplied  to  grate,  in  pounds 
Pounds  of  coal  actually  consumed         «  .  . 

Pounds  of  coal  withdrawn  and  separated  after  trial 
Mean  weight,  in  pounds,  of  one  cubic  foot  of  coal 
Pounds  of  cofd  supplied  per  hour,  during  steady  action  • 
Pounds  of  coal  per  square  foot  of  grate  surfece,  per  hour 
Total  waste,  ashes  and  clinker,  from  100  pounds  of  coal 
Pounds  of  clinker  alone,  from  100  pounds  of  coal 
Ratio  of  clinker  to  the  total  waste,  per  cent 
Total  pounds  of  water  supplied  to  the  boiler 
Mean  temperature  of  water,  in  degrees  Fahrenheit 
Pounds  of  water  supplied  at  the  end  of  experiment,  to 

restore  level  -  .  -  -  . 

Ded\ictiou  for  temperature  of  water  supplied  at  the  end 

of  experiment,  in  pounds      .... 
Pounds  of  water  evaporated  per  hour,  during  steady  action 
Cubic  feet  of  water  per  hour,  during  steady  action 
Pounds  of  water  per  square  foot  of  heated  sur&oe  per 

hour,  by  one  calculation       »  -  .  . 

Pounds  of  water  per  square  foot,  by  a  mean  of  several  ob- 
servations   .-*.... 
Water  evaporated  by  1  of  coal,  from  initial  temp,  (a) 

final  result  -  -  -  -  •  - 

Water  eviqx»rated  by  1  of  coal,  from  initial  temp,  (b) 

during  steady  action  .... 

Pounds  of  friel  enqxMrating  one  cubic  foot  of  water 
Mean  temperature  of  air  entering  below  ash  pit,  during 

steady  pressure        -  -  -  -  - 

Mean  temp,  of  wet  bulb  thermom.,  during  steady  pressure 
Mean  temperature  of  air,  on  arriving  at  ihe  grate 
Mean  temperature  of  gases,  when  arriving  at  the  chimney 
Mean  temperature  of  steam  in  the  boiler 
Mean  temperature  of  attached  thermometer 
Mean  height  of  barometer,  in  inches     ... 
Mean  number  of  volumes  of  air  in  manometer    - 
Mean  height  of  mercury  in  manometer 
Mean  height  of  water  in  syphon  draught  gauge,  in  inches 
Mean  temperature  of  dew  point,  by  <^culation. 
Mean  gain  of  temperature  by  the  air,  before  reaching  grate 
Mean  difierence  between  steam  and  escaping  gases 
Water  to  1  of  coal,  corrected  for  temperature  of  water  in 

astern         ...... 

Water  to  1  of  coal,  from  212°,  corrected  for  temperature 

of  water  in  ctstem    .  .  .  .  - 

Pountli  of  water,  from  212°,  to  1  cubic  foot  of  coal 
Water,  from  212°,  to  1  pound  of  combustible  matter  of 

the  friel        ...... 

Mean  presi^iire,  in  atmospheres,  above  a  vacuum 
Mean  pressure,  in  pounds  per  sq.  inch,  aboye  atmosphere 
Condition  of  the  air  plates  at  the  fiimace  bridge 
Inches  opening  of  damper,  (U.  upper) 


/  . 


Matf  2. 
25.0 
8.5 
16.25 
377.5 
21.66 
13.0 
1197.25 
1191.0 
6.25 
46.048 
112  08 
6.897 
9.4326 
4.7003 
49.716 
8355.0 
65°.0 

1595.0 

221.0 
655.29 
10.48 

1.785 

1.756 

6.8379 

5.846 
9. 1402 

61°.91 

367°.  0 
241°.47 
228°.  18 
59°.0 
30.251 
8.723 
0.186 
0.1328 

295°.  09 
13°.29 

6.8278 

7.8023 
359.28 


2d  TriaL 
(Tab.  CXMIL) 


May  2. 
23.33 
6.5 
16.25 
377.5 
21.66 
9.0 
808.5 
798.07 
10.43 
44.36 
83.23 
5.121 
12.069 
4.0423 
83.488 
5730.0 
68°.  3 

985.0 

139.0 
507.7 
8.12 

1.345 

1.351 

7.0056 

6.099 
8.9213 

58°.79 

343°.  0 
300°.71 
227°.86 
56°.0 
30.296 
8.741 
0.1845 
0.1518 

284°.21 
72°.  85 

7.0857 

8.0468 
356.96 


8.6149 

9.1513* 

1.4277 

1.4164 

6.3164 

6.1494 

Removed. 

Removed. 

U.  12 

U.  12 

377 


[  386 ,1 


TABLES  CXXir,  CXXIII,  QXXIV,  CXXV. 
Clover  Hill  coal. 


3d  Trial. 

4th  Trial. 

ATeragee. 

(T.  CXXIV.) 

(T.  CXXV,) 

May  6. 

May  6. 

24.416 

24.833 

8.416 

7.25 

14.352 

14.352 

377,6 

377.5 

19.134 

19.134 

10.0 

10.0 

899.0 

916.0 

881.0 

904.63 

18.0 

11.37 

11.5125 

44.95 

45.8 

45.2895 

74  471 

88.482 

89.566 

5.188 

6.165 

5.8428 

10.567 

10.335 

10.6009 

^     3.3905 

3.3019 

3.8588 

32.084 

31.905 

36.7982 

6197.0 

5618.0 

64<».9 

64°.9 

717.0 

820.0 

98^.0 

114.0 

494.29 

430.3 

521.895 

7.908 

6.884 

8.348 

1.3098 

1.139 

1.8822 

1.427 

1.1869 

6.92SS 

6.0842 

6.7126 

6.687 

4:863 

5.8615 

9.0281 

10.272 

9.3404 

62*'.94 

64^.64 

334<>.26 

4050.79 

3620.51   . 

8260.19 

3410.79 

3020.54 

2270.875 

2270.5 

60*^.0 

620,0 

30.251 

30.234 

8.8393 

8.806 

0.176 

0.178 

0.1446 

0.1509 

.     0.145 

27l®.37 

3410.15 

2970.955 

98<*.815 

1140.29 

740.8 11 

6.9217 

6.0752 

6.7126 

7.9102 

6.9429 

7.6755 

355.56 

817.98 

347.445 

8.8448 

7.7431 

8  5885 

1.4049 

1.4151 

1.416 

5.9806 

6. 1307 

6.1443 

Open. 

Open. 

• 

U.  6 

U.   12 

ReoMU^. 


Five  pounds  mere  coal  were  supplied  per  hour  during 
the  4th  than  during  the  2d  trial,  but  the  boiler  took 
77  pounds  less  of  water  per  hour.  The  heating 
power  in  the  4th  experiment  was,  to  a  great  extent, 
expended  on  the  gases  of  the  chiifiney,  not  on  the 
water  of  the  boiler. 


A  constant  falling  off  in  the  evaporative  power  of  the 
boiler  is  here  observed. 


The  coal  was  supplied  during  the  period  assumed  for 
steady  action  more  rapidly  than  it  was  burned. 


The  dew  point  apparatus  had  not  been  pr^ared  at  tha 

date  of  these  experiments. 
There  is  a  constant  increase  in  the  temperature  of  the 

gases  arriving  at  the  chimney,  due,  no  doubt,  to 

the  enormous  coat  of  soot  that  rapidly  accumulated 

on  all  the  heat-absorbing  surfaces. 


The  dkimney  was  41  fiset  high,  and  the  draught  de- 
fective; hence  the  sloifmess  of  the  combustion. 


The  last  experiment  had  the  disadvantage  of  being 
performed  with  fluee  coated  throughout  with  a  thick 
mass  of  soet. 

The  opening  of  the  air  plates  did  not  produce  any 
salutary  effect  on  the  f  fliciency  of  this  cod. 
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No,  6. 

Bituminous  coal  from  ihi  Chesttrjield  Mining  Company ^  ChesferfieU 

county^  Va. 

The  following  statement  accompanied  this  sample : 

"  Washikoton,  June  29,  1842. 

^^  Gentlemen  :  On  the  24th  instant,  I  forwarded  to  the  navy  yard  at 
Washington  five  hogsheads  of  bituminous  coal,  for  the  purposes  stated  in 
the  advertisement. 

'<  I  have  the  honor  to  inform  you  that  this  coal  has  been  mined  within 
the  last  month,  and  is  from  the  pits  of  the  Chesterfield  Mining  Company, 
situate  in  Chesterfield  county,  within  twelve  miles  of  Richmond,  Va,,  and 
formerly  known  as  the  "  Black  Heath  pits,^'  and  which  have  been  lately 
purchased  by. English  capitalists,  whose  general  agent  and  manager  I  am. 

"  The  coal  could  be  delivered  any  where  in  the  United  States. 

"  I  have  the  honor  to  be,  gentlemen,  with  great  respect,  your  obedient 
humble  servant, 

«R.  I.  D.  GIFFORD. 

^*  To  the  Hon.  the  Board  of  Navt  Commissioners,  Washington.^ 

In  external  characters,  this  coal  is  muoh  nearer  to  the  Midlothian  than 
to  the  Clover  Hill  coal,  last  described.  It  was  received  generally  in  lumps 
of  considerable  size,  which  will,  in  part,  account  for  its  lowness  in  weight 
per  cubic  foot.  Efflorescent  sulphate  of  iron  is  of  frequent  occurrence  ,*>aDd 
carbonate  and  sulphate  of  lime  are  also  observable  at  the  partings.  Con- 
choidal  fractures  and  a  resinous  lustre  are  conspicuous  along  the  horizon- 
tal partings.  The  coal  appears  to  have  been  mined  with  a  degree  of  care 
not  always  found  in  samples  from  the  same  coal  region.  Few  or  nq  frag- 
ments of  slate  were  noticed.  It  was  observed  to  give  but  little  waste  coal, 
or  coke,  passing  through  the  grate,  and  to  produce  a  long  dense  flame, 
without  decrepitation.  The  powder  is  of  a  dark  clove-brown  color,  and  its 
streak  on  white  earthen  ware  is  nearly  of  the  same  tint. 

The  specific  gravity  ofone  specimen  (a)  was  1.2938,  and  that  of  another 
(t)  1.2839,  giving  the  calculated  weight  pet  cubic  foot  80.565  pounds. 

By  43  trials  in  the  charge  box,  the  average  weight  per  cubic  foot  was 
found  to  be  45.549  pounds,  or  0.5653  of  the  calculated  weight — the  maxi* 
mum  being  54.375,  and  the  minimum 40.  From  this  average,  the  space 
required  per  ton  is  49.178  cubic  feet. 

The  moisture  in  specimen  a  was  1.094  per  cent. ;  in  specimen  ^1.197. 
Twenty-eight  pounds  in  the  steam  drying  apparatus  lost,  in  two  days,  0.531 
pound,  or  1.896  per  cent. 

The  sulphur  in  a  was  1.957  per  cent.;  that  in  b  not  ascertained. 

The  volatile  matter  in  cr,  other  than  moisture  and  sulphur,  was  31.739; 
that-in  b,  other  than  moisture,  but  including  sulphur,  27.353. 

The  ashes  of  a,  by  a  mean  of  four  incineratioas,  were  4.72  per  cent. ; 
their  color,  when  hot,  a  dark  blackish  gray ;  when  cold,  reddish  gray.  Those 
ofi,  by  the  same  number  of  incinerations,  6.13  per  cent.;  grayish  white 
when  hot,  becoming  salmon  color  on  cooling. 

The  following,  therefore,  exhibits  the  composition  of  these  two  speci- 
mens, viz :  . 
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MoMliiie 

Snlphiir  •         ^< 

Other  volmtile  matter 

'Ashaf  - 

Fixed  carbon    - 


■ 


1.094 

8pecimflfi6. 
1.197 

1.967 
-      31.789 

(not  tried.) 
27.863 

4.720 

6.130 

.      60.490 

66.320 

100. 

100. 

.   1  : 1.796 

I  :  2.3968 

Volatile  to  fixed  combustible 

To  compare  the  above  results  with  that  derived  from  the  furnace,  whioh 
exhibits  the  practical  determination  of  the  waste  matter  of  the  coalpit  may 
be  stated,  that  in  bumipg  3,876  pounds  of  this  coal,  there  were  obtained 
185.5  pounds  of  ashes,  including  1.644  pound  of  ashes  of  wood,  and  that 
their  weight  per  cubic  ipot  was  47.29  pounds.  They  lost  by  reincineration 
18.744  per  cent.,  and  became  of  a  light  ochrey-red  color.  The  clinker,  which 
weighed  166.75  pounds,  was  of  moderate  density,  weighed  37.62  pounds 
per  cubic  foot;  having  a  brown  color  on  the  fused  surfaces,  and  black  with- 
in ;  its  masses  large,  evidently  prone  to  spread  out  into  sheets,  with  some 
light-colored  patches  diffusea  through  it.  T*he  clinker  gained  in  weight 
nearly  one  per  cent  by  calcination,  leaving  a  dark-brown  residue.  The 
soot  collected  (26,25  pounds)  weighed  22.7  pounds  per  cubic  foot,  and  lost 
28«67  per  cent,  by  incineration,  leavitig  a  reddish-gray  ash. 

Hence^  after  the  above  deductions,  and  subtracting  the  ashes  of  wood^ 
we  have  left  334.665  pounds,  or  8.6343  per  cent.,  of  absolute  waste. 

The  total  volatile  matter,  including  moisture,  in  two,  specimens  tried  by 
Dr.  King,  was  33.25  and  33.70,  which,  with  the  two  above  presented,  af- 
ford a  mean  of  32.572.  From  this,  deducting  the  moisture  (1.696)  ob- 
tained in  the  large  apparatus,  the  remainder  (30.676)  may  be  assumed  as 
the  average  of  volatile  combustible.  Hence,  in  100  parts  of  the  raw  coal, 
we  have  of — 

MoiBtore         ....••..  1.896 

VobtUe  combiutible     -            -            -            -            •            -            -  80.676 

Earthy  matter              -            -            -            -            -            -            -  8.634 

Unrolatilizable  carbon  -            -            -            -            -            -            -  68.794 

.      100. 


From  the  above,  the  volatile  ia  to  the  fixed  combustibla  as       -  1  : 1.9166 

A  trial  of  20  grains  of  specimen  a,  by  the  oxide  of  lead,  resulted  in  pro- 
ducing 516.68  grains,  or  25.784  times  its  weight  of  metallic  lead  ;  and  this, 
after  deductiug  moisture  and  ashes,  is  27.376  of  lead  to  1  of  combustible 
matter.  Sixty  pounds  were  found  in  the  chain  shop  sufficient  to  make  9 
links  of  1  { -inch  chain. 

The  flame  is  large,  and  the  fire  very  hot.  No  deleterious  eflfect  was  pro- 
duced on  the  iroh.  At  the  anchor  shop,  when  an  equal  quantity  was  used, 
it  produced  a  good  hollow  fire,  yielded  but  little  cinder,  and  gave  a  good 
welding  heat,  without  injuring  the  iron.  Its  proportion  of  volatile  matter 
is  such  as  to  adapt  it  to  the  purpose  of  manufacturing  illuminating  gas. 
The  long  and  brilliant  flame  which  it  produces  renders  the  fire  of  a  grate 
exceedingly  cheerful. 

When  thrown  into  the  furnace  already  in  brisk  action,  it  produces  al- 
most instantly  a  copious  flame,  and  yields  a  good  coherent  coke,  of  which 
but  little  passes  through  the  grate.  '     . 

The  average  time  required  to  bring  the  boiler  to  steady  action  was  lA. 
10m.,  (1.166  hour,)  and  the  average  weight  of  coke  left  was  10.469  pounds. 

The  manufacture  of  iron  from  the  ore  could  not  he  advantageously  car- 
ried on  with  this  coal,  without  the  preliminary  process  of  coking.  « 
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TABLE  CXXVII— CHESTERFIELD 
First  trial — upper  damper  12 


- 

TEXPISATCRKS  OP  THI 

i 

• 

S 

s 

1 
a 

• 

I* 

1 

g) 

h 

M 

t 

(f> 

Date. 

Hour. 

'6  ts 

i 

tt  flj 

1 

^ 

i 

1 

c 
c 

•=l 

U 

II 

s 

• 

Open  air  en 
below  ash 

Wet  bulb  th 
meter. 

Gas  entering 
ney. 

.s 

1 

J 

c 
00 

< 

"5 
1 

a 

«... 

o 

r 

9 
"S 
> 

Height  of  w 
pho 

Weight  of  ^ 
plied  to 

"si 

Junes 

• 

h»  fft. 

A.  K. 

4.35 

73 

68 

142 

138 

79 

207 

29.82 

0,10 

^^ 

*• 

5.05 

72 

67 

140 

166 

79 

206 

- 

29.82 

- 

- 

0.10 

— 

- 

6.80 

73 

67 

136 

218 

78 

228 

- 

29.88 

0.188 

8.76 

0.22 
0.40 

260 

80.50 
88.76 

7.00 

74 

67 

139 

252 

79 

232 

. 

29.89 

0.230 

8.28 

7.30 
8.00 

74 
73 

66.5 
66 

146 
166 

318 
334 

79 

• 

79 

238'  - 

1 

29.90 
29.92 

0.255 
0.240 

8.02 
8  1$ 

0.60 

'660 

86.00 

235 

.. 

0.47 

1465 

91  26, 

830 

76 

66    184 

366 

79 

236 

— 

29.92 

0.238 

8.20 

0.47 

2130 

96.25t 

9.00 

73 

63.5  200 

363 

79 

235 

- 

29.92 

0.246 

8.12 

0  60 

2896 

93.00, 

9.30 

74.6 

64 

214 

374 

79 

235   - 

29.92 

0.2.34 

8.23 

0.45 

3615 

91.26 

10.00 

76 

66 

232 

364 

80 

235 

— 

29.92 

0.240 

8.17 

0.45 

4200 

89.50.' 

10.10 

— 

m. 

- 

80 

235 

— 

— 

.- 

_ 

■> 

— 

103.75 

11.00 

76 

66 

264 

364 

74 

234 

• 

29.93 

0.243 

8.14 

0.42 

6616 

86.75i 

11.30 

80 

66 

272 

350 

74 

234 

— 

29.93 

0.242 

8.15 

0.60 

6190 

92.26. 

p.  M. 

0.00 

82 

69.5 

288 

359 

73 

233 

_ 

29.93 

0.228 

8.30 

0.42 

6786 

87.60 

0.80 

80 

67 

298 

364 

74 

233 

m. 

29.93 

0.282 

8.26 

0.42 

7800 

89.00 

1.00 

81 

67.6 

304 

348 

]% 

232 

— 

29.93 

0.233 

8.26 

0.42 

7960 

— 

1.30 

86 

69 

316 

366 

233 

~. 

29.92 

0.220 

8.38 

0.40 

8433 

81.00 

2.00 

83 

68 

316 

360 

76 

232 

m. 

29.92 

0.218 

8.40 

0.36 

8942 

— 

2.80 

86 

69 

317 

347 

76 

232 

- 

29.94 

0.216 

8.42 

0.36 

9192 

86.60 

3.00 

80 

66 

326 

323 

76 
7* 

...... 

232 

_ 

29.94 

0.209 

8.49 

0.80 

9612 

«. 

3.10 

MM 

- 

- 

— 

- 

- 

— 

- 

- 

— 

9860 

▲.  X. 

. 

June  7 

0.26 

61 

67 

196 

178 

74 

209 

30.17 

0.18 

10699 

Period  of  ateady  action,  from  7h.  30m.  a.  m.  to  2A.  30m.  p.  m.  —  7  hours.    Coal  supplied  to  the 
grate,  1,080  Ibe.;  water  to  the  boiler,  8,682  Ibe.^  water  to  1  of  coal,  7.992. 
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MINING  COMPANY'S  COAL. 


/ 


inches  ppen  ;  air  plates  closed. 


I- 

o 


h.  m. 


6.30 

7.00 
7.30 


6.00 

8.30 

8.50 

9.20 

9.45 

10.20 

11  00 

11.25 

11.60 
0.30 

1.30 

2.30 


.5 


65.6 
64.4 

64.0 


63.4 
62.6 

62.8 
69.5 
67.9 
58.0 
69.1 

69.1 
68.9 

64.0 
60.7 
59.4 
61.6 
59.8 
62.0 


.^ 


B 


bO 


Q 


.2 


•S 


Q    OS 


69 
68 

63 


67.1 


63.6 


65 
72 

93 
109 
127 
139.5 
156 

188 
192 

206 
218 
223 
230 
232 
232 


—69 
—40 

—10 

4-20 
80 


II 

3  n 

Q*  bo 


o 

«5  b 


1.325 
1.642 


99 
130 
128 
139 
129 

130 
116 

126 
131 
116 
123 
128 
116 


4. 742 
3.576 
4.053 
3.815 
3.099 

3.483 
3.576 

3.152 
2.728 
3.444 
2.559 
2.697 
1.326 


246 


134 


91 


—31 


2.225 


REMARKS.— Grate  sorface  14.07  square  feet;  length  <tf 
circuit  of  heated  gases  121  feet;  height  of  chimney  63 
feet;  steam  pipe  in  chunney  removed  from  the  horizontal 
escape  pipe. 


Wind  SW.,  light;  cloudy. 

Water  at  normal  level; 

Commenced  firing  at  5A.  6/7i.  a.  m. ;  kindled  fire  in  small 
iiimace. 

Wood  consumed  142  J  lbs. ;  commenced  charging .  with 
coal;  steam  blows  off  at  6A.  40m.  a.  m.;  wind  at  7A.  a. 
m.  NW.;  cloudy.  ' 

Raining  lightly;  damper  to  small  furnace  closed;  at  Ih,  a.  m. 
loaded  valves  with  a  second  weight,  found  the  manome- 
ter to  HHC  to  0.300  before  steam  again  blew  off;  syphon 
fell  to  0.30;  temperature  of  water  in  boiler  rose  to  239°; . 
on  removing  weight,  s3rphon  jose  to  1.8  inch,  smoke  II 
seconds  to  reach  chimney  top;  at  9A.  207n.  a.  m.  smoke  - 
16  seconds  to  reach  top  of  chimney;  syphon  0.44;  at  9A. 
30m.  a.  m.  smoke  12.5  seconds  in  reaching  chimney  top; 
at  9A.  40m.  a.  m.  smoke  13  secx>nds  in  reaching  chunney 
top^  syphon  0.44;  filled  tank  at  lOA.  25m.  a.  m. 

Wind  NW.,  moderate;  clear. 


Filled  tank  at  7,h.  10m.  p.  m. 

Placed  28  lbs.  of  this  coal  in  drying  apparatus. 

k 

Contents  of  ash  pit  thrown  on  grate;  damper  set  to  6  inches; 
water  1  inch  above  normal  level. 

Water  in  boiler  adjusted;  clinker  this  morning  forming  an 
almost  entire  crust  over  the  back  part  of  the  grate. 


RESIDUA. 


Clinker  • 

Ashes 

Adies  behind  bridge    - 

Total  clinker  and  aahes 
Deduct  wood  ashes 

Total  waste  firom  coal 


Pounds, 

-  67.00 

-  47.75 

-  6.72 

-  120.47 

-  0.437 

.  120.033 


Coke 


10.213 


[  386  ]  383 

TABLE  CXXVIII.— CHESTERFIELD 

Second  trial — upper  damper  6 


P«riod  of  tteady  ■clion,  from  B^  SOni.  ■.  la.  to  U.  lOm.  p.   iii..7A.  60ni.|  owl  nip]died  t« 
pitc,  638  Ibf-i  yntcr  loboilei,  0,685  lb*.;  h«nc^  water  tol  of  cod,  for  thit  period,  is  S.S3>. 
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MINING  COMPANY'S  COAL. 
ineke*  open  ;  air  plates  cloied. 


I 


1 


t 


h  m. 


7.00 

7.40 
8.20 


9.20 
10.00 

ii.eo 

0.00 

1.10 

^  2.20 

4.10 


i$ 


53.6 


51.7 


65«0 
53.0 

53.7 
53.4 
52.5 
51.4 
51.3 

55.3 
56.0 

53.7 

55.2 
57.1 
58.9 
58.5 
60.3 


134 


125 


56v7 


59.0 
59.9 


120 
130 

144 
163 
174 
187 
198 

204 
151.5 

209 
214 
220 
230 
235 
239 


239 


234 
149 


i 


—31 

—26 

+50 
92 


110 
96 
88 
94 
84 

99 
92 

66 
95 
105 
102 
98 
97 


78 


—41 


s 


Ir 

m 


I 


I 


1.340 
2.755 


3.179 
1.775 
2.156 
1.791 
2.702 

1.828 
2.702 

0.917 
2.172 
0.874 
2.384 
1.509 
2:031 

1.604 


1.239 


REMARKS.— Grate  sur&oe  14.07  iqueie  feet;  length  of 
circuit  of  heated  gases  121  feet;  height  of  chimney  63  feet; 
upright  steam  pipe  still  off. 


Commenced  firing;  no  fixe  in  small  furnace;  windNE., 

light 
Wood  consumed,  1 52^  lbs;  comm^iced  chafing  with  coal; 
,  steam  at  equilibrium. 
Steam  blows  off  at  7h.  10m. 


Steam  all  thrown  oat  at  back  valve,  by  double  weighting 
the  front 


Smoke  26. 5  seconds  in  reaching  chimney  top;  syphon,  0.24; 

wmdSW. 
Smoke  24.5  seconds  in  reaching  chimney  top;  syphon  0.24. 

At  llA.  25m.  snM^e  23  seconds;  syphon  0.23. 

At  1  lA.  45m.  commenced  drawing  gases;  drew  in  12  min- 
utes 100  cubic  inches,  which  gaye  0.38  grain  of  water. 

Smoke  22  seconds  in  reaching  chimney  top. 

Drew,  at  4A.  10m .,  in  12  minutes,  1 00  cubic  inches  of  gases, 
which  gave  0.42  grain  of  water. 


Contents  of  ash  pit  thrown  on  grate. 


Water  in  boilsr  adjusted. 


RESIDUA. 


btbind  bridge 


IMuet  wood  adiM  - 
Ttiri  wiite  fiom  ootl 


Pauntb, 
35.00 
38.75 
4.02 

77.77 
0.468 

77.302 

7.40 

3.25 


[  388  ] 
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TABLE  CXXIX.— CHESTERFIELl^ 
Third  trial-'-upper  damper  6  inches  open  ;  air 


Hour.  1 
h.  m. 

A,   M. 

5.30 

TXXPBRATUBES  OF  THS 

Height  of  barometer. 

Height  of  manometer. 

Volumes  of  air  in  ma- 
nometer. 

Height  of  water  in  sy- 
phon. 

Weight  of  water  sup- 
plied to  boiler. 

Weight  of  charges  of 
coal. 

Date. 

* 

3            Open  air  entering 
below  ash  pit. 

g            Wet  bulb  thermo- 
meter. 

ee 

.a 

be  9 

< 

212 

■ 

a 

B   « 
v 

S 
190 

• 

I 

74 

« 

o 

.3 

1 

211 

Attached  thtrmo- 
metcr. 

June  8 

* 

30.22 

_ 

0.12 

a. 

■ 

6*25 

71 

64.5 

202 

244 

75 

827 

1 

30.22 

0.210 

8.48 

0.18 
0.20 

173 

82.75 
89.00 

7.00 

73 

65* 

200 

"256 

75 

231 

—  1 

30.22 

0.212 

8  45 

7.30 
8.00 

74 
75 

65 
67 

208  264 
230;  280 

75 
72 

232 
232 

30.22 
30.22 

0.223 
0.213 

8.35 
8.41 

0.20 

435 

87.25 

0.20 

842 

— 

8.30 

76 

68.5 

247  280 

72 

232 

- 

30.22 

0.216 

8.42 

0.20 

1342 

88.75 

9.00 

77  '69 

2661  278 

72 

232 

_ 

30.22 

0.216 

8.42 

0.20 

1672 

_ 

9.30 

80 

70 

279;  285 

72 

232 

— 

30.21 

0  212 

8.45 

0.19 

2017 

87.t5| 
93.00 

10.00 

80 

70.5 

286  288 

72 

233 

— 

30.21 

0.20» 

8.49 

0.18 

2437 

10.30 

81 

72 

297  280 

72 

232 

— 

30.20 

L^.2l8 

8.40 

0  20 

2872 

11.00 

82 

72 

302   - 

72 

232 

30.20 

0.210 

8.4S 

0.19 

3207 

92.50 

11.30 

83 

73 

312 

288 

72 

232 

- 

30.19 

0.210 

8.48 

0.18 

^17 

p.  M. 

0.00 

84.5  73.5 

316 

318 

73 

233 

- 

30.19 

0.208 

8.50 

0.18 

3869 

— 

0.30 

85   74  * 

312 

322 

74 

232 

• 

30.16 

0.202 

8  56 

0.21 

4347 

80.75 

■ 

1.00 

85 

74 

310 

340 

74 

232 

— 

30.16 

0.203 

8.55 

0.20 

4687 

1.12 

^^ 

^ 

1 

^^ 

^ 

^ 

_ 

^ 

^^ 

^ 

4849 

1.42 

87 

75 

314 

320 

80 

233 

- 

30.16 

0.205 

8.52 

0.22 

4849 

8e.50 

1 

2.20 

82 

75.6 

322 

330 

80 

232 

— 

30.13 

0.189 

8.70 

0.19 

5509 

'  - 

June  9 

A.  M. 

5.10 

^^ 

.„ 

212|  194 

80 

216 

_ 

^ 

^ 

_ 

0.14 

5759 

_ 

• 

6.25 

74,5 

71 

210 

V 

192 

80 

211 

. 

30.40 

\ 

— 

0.12 

6409 

"~ 

1 

'Period  of  steady  action  this  day,  from  Ih.  30i7i.  a.  m.  to-  lA.  42m.  p  m.s»6A.  12m.;  coal  sup- 
I'ljed  to  grate,  728.75  lbs.;  w»ter  to  Iboikr,  4,414  lbs.;  water  to  1  of  coal,  6.057, 
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WINING  COMPANY'SiCOAL. 

plates  open;  steam  thrown  out  at  back  valve. 


REMARKS — Grate  surface  14.07  square  feet;  length  of 
circuit  of  heated  gases  121  feet;  height  of  diimney  63  feet 


CoinotcnceU  firing;  wind  NL.;  cloudy;  flues  swept  bdbre 

the  cxperimeDt 
Wood  consumed,    110^  Ihs. ; 'commenced  dmrgix^  with 
coal;  steam  at  c^uililirium. 
0. 74  3]  Air  jilutph  opened  at  Qh-  '"^Im.  a.  m. ;  damper  set  at  6  inches. 
1.388  Steam  e>*oapeo  freely  at  6/j.  64/n.  a.  m. 

Wind  SW.,  brisk;  cloudy. 

Sraukc  30  Bcconds  in  reaching  chimney  top;  windS. ;  con- 
sider ible  volumes  of  smoke  at  chimney  top  at  charging^ 
which  continues,  but  gradually  decreasing,  for  about  15 
minuten;  out  bttle  smoke  during  the  intervals  of  stoking 
or  chBrf^inff;  wind  at  DA.  30«».  a.  m.  SSW. 

Wind  !S.;  clear. 

Coal  hi  drying  apparatus  weighs  27  lbs.  1\  oz.  at  bh.  30ii». 
a.  m.,  June  0th. 

ymokc  32  seconds  in  reachiiig  chimney  top  at  meridian. 

Drew  at  OA.  \bm.  p.  m.  100  cubic  inches  of  gases  in  18.6 
miiiMU-jj,  which  gave  water  0.76  grain,  carbonic  add 
3.8(»  ^raluH;  smoke  llowin^  f.*om  chimney. 

Smoko  *2  seconds  in  rt»aching  chimney  top;  syphon  0. 20. 
This  is  a  qucdtionaMc  observation,  as  the  lower  damper 
was  probably  not  c.iactly  closed.  Drew  at  !/♦.  SOfii. 
p.  nu  100  cubic  inches  of  gase?,  whit-h  gave  water  1.02 
grain,  carbonic  acid  4. 1 1  grains;  no  araoke  from  chiinr> 
ney.  At  'Zh.  20m.  p.  m.*  contents  of  ash  pit  thrown  on 
grate,  and  air  plates  closed;  at  3A.  20m.  p.  m.,  damper 
set  at.  3  inches. 

Water  in  boiler  adjusted. 


RESIDUA. 


Cfinker 

Aafaes  -  -  - 

Aflhes  behind  bridge 

Total  ashes  and  clinker  - 
Deduct  wood  ashes 

Total  wa0te  from  cod    - 

Ceka  - 


^  ^ 


Poundi. 

-  33.00 
.  36.00 
.    8.S8 

-  72.88 

-  0.888 

-  72.042 

-  10.127 


25 


t  38*3 
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TABLE  CXXX.— CHESTERFIEJL1> 
Fourth  trial — upper  damper  12  inches  open; 


Hour. 

TBMPBBATURES  OF  THE 

Height  of  barometer. 

1 

a 

% 

Volumes  of  air  in  ma- 
nometer. 

1 

a 

3    . 

«  c 

^£ 

*•* 

X 

1 
Weight  of  watcf-  suppli- 
ed to  boiler. 

1 
Weight  of  charges  of  i 

coal. 

Dale. 

*i  *^ 
5*2. 

1 

|l 
o 

Wet  bulb  thermo- 
meter. 

Air  entering  back 
of  grate. 

Gas  entering  chim- 
ney. 

Water  in  tank. 

Steam  in  boiler. 

Attached   thermo- 
meter. 

^ 

h.  m. 

A.    M. 

Juno  9 

5.30 

74.5 

71 

210 

192 

80 

211 

— 

.30.02 

— 

_ 

0.12 

- 

6.55 

77 

72 

203 

260 

80 

22^ 

- 

30.02 

0.180 

8  80 

0.23 

— 

91.25 

■ 

7.16 

77 

71.5 

^00 

293 

80 

231 

30.00 

0.203 

8.55 

0.23 
0.36 

• 
510 

87.50 

8.00 

78 

74 

194 

3yo 

80 

232 

30.00 

0.226 

8.32 

8.30 
9<00 

80 
81 

73 

74 

200 
210 

430 
426 

80 

80 

234 

233 

^ 

30.00 
30.0C 

0.234 
0.220 

8.23 
8.37 

0.40 

860 

92.75 

0.33 

1680 

90.50 

9.30 

83 

75 

214 

42.0 

80 

233 

— 

29.99 

0.218 

8.40 

0.33 

1 

1872 

- 

10.00 

85 

75 

226i  376 

80 

233 

^ 

30.00 

0.222 

8.36 

0.33 

22R5 

97.50 

10.45 

86 

70.5 

226 

395 

82 

231 

Jk 

29.99 

0.21'8 

8.50 

0.30 

3052 

91.25 

11.45 

88 

77 

238 

404 

81 

233 

- 

29.99 

0.222 

8.36 

0.35 

3877 

105.75 

•0.15 

89 

77 

246 

470 

81 

233 

- 

29.97 

0.222 

8.36 

0.44 

4292 

93.00 

0.45 

00 

e  •  *  e 

77 

25.*) 

428 

81 

233 

— 

29.97 

0.201 

8.57 

0.30 
0.28 

4977 
$539 

104.25 

1.20 
'  2.30 

92 
94 

78 
80 

262 

276 

335 
320 

81 
87 

232 
230 

29.96 
29.93 

0.193 
0.177 

8.66 
8.82 

0.23 

5949 

- 

,    June  10 

A.    M. 

4.15 

72 

79 

204 

184 

87 

214 

^ 

J9.84 

^ 

^ 

0.14 

6219 

» 

4.50 

^ 

^ 

"- 

210 

" 

— 

•" 

— 

— 

'6676 

^ 

Period  of  steady  action  this  day,  from  8A.  30m.  a.  m.  to  Ik.  20m.  p.  m.&=4A.  50m.;  coil 
Mpplied,  581.26  !!».{  water  daknrored  to  boiler,  4,679  Ibs,{  hence»  water  to  I  of  coal  (or  thii 
period,  8.049. 
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MINING  COMPANY'S  COAL, 

air  plates  open;  steam  ihrown-into  ehimney. 


[38«] 


I 


1§ 


* 

6.56 
7.15 

8  30 
9.00 


10.15 
10.45 


11.46 
0.16 


1.20 


.S 

o 


69.5 
69.9 

69.1 


S 

9 


s 


2 

.o 

5 


.       I-   ri 
O   «   bo 

o 


E 


9. 


1S 

a 


■5 


9 


C 


o  8 

^  s 

f^    bo 


HEMAHKS.->Grate>iir(aoe  14.07  square  feet;  length 
cult  of  licated  gases  121'  fbet;  height  of  chimney  63 


:3 
_  o 
o  x: 


136.5      —19 


126 


133 


7251 
70.3 

71.4 

72.2 

71.5 
73.4 

73.6 
73.2 
73.0 


73.8 
76.) 
61.1 


116 
120 

129 

131 

141 
140 


150 
167 
165 
170 
184 
132 


4-32 
62 

158 

196 


1.801 

!  l.t;54 


192 

143 
164 


171 
237 
195 
103 
SO 
—30 


4.a44 

1.017 

2.1fl8 
2  709 

2.185 
2.199 
3.029 
2.5r)2 


Commenced  firing;  wind  8W.,  brisk;  clear. 

Wood  coneuroedy  130.75  Ibs.^  commenced  chargin«^ 

coal;  air  p^tea  opened, 
luf moved  second  weight  from  safety  valve;  steam  blows 


0.931 


At  9 A.  27m.  smoke  16.5  seconds  in  reaching  chimney  toffct 

syphon  0.28. 
At  9/V.  50/n.  smoke .  20  seconds  in  reaching  chimney  fo^ 

syphon  0.27. 
At  ^h.  him.  commenced  drawing  gases;  drew  in  8.5  mini 

100  cubic  inches,  which  gavu  water  0.94  grain;   < 

bonir  add  4.20  grains;  dew  point  at  lO/i.  40/71.  a. 

75*^.6. 
Filled  tank  at  \\h,  80m.;  commenced  drawing 

1  lA.  32m.;  drew  in  15  minutes  80  cubic  inches,  (t 

flowing  all  the  time,)  which  gave  1.03  grain  water,  aal 

4.25  grains  carbonic  acid. 
Drew  gas  ap^ain,  from  lA.  3m.  to  lA.  14m. » 11  minnlnr, 

drew  100  cubic  inches,  (no  smoke  from  chimney,)  wliidk 

gave  Water  0.98  grain;  carbonic  acid  3.23  graini^  aai 

oxygen  14.44  cubic  inches. 
Filled  tank  at  2/4.  25m.  p.  m. ;  contents  of  ash  pit  thnm* 

on  grate,  and  air  plates^  closed. 

Water  in  boiler  adjusted.  ^ 


RESIDUA. 

PotuA 
dinker         ..--------      %l.Th 

AAm «.«* 

Aflhes  behind  bridge  .------•-        3.CS 

Total  cUnker  and  aahes  ».--.--.      81.6S 

Deduct  wood  ashes  -------  -        0.4#l 

Total  waste  of  ooal    .-►------81 

C|ke  t4. 

BmI  --  -  •  -  *  •*  t>-' 
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TABLE  CXXXL— DEDUCTIONS  FROftf 

ExperimtnU  on  Chesterfield 


Nmtare  of  the  dute  fufniabed  hf  the  retpecthe  table*. 


1 
3 
3 

4 

5 

6 

7 

8 

0 
10 
11 
12 
13 
14 
15 
16 
17 
18 

19 

20 
21  i 

22'{ 

"I 

24 

25  ' 

\ 

26  I 
27 

I 
28  ' 
29 
30 

31  : 

32  ' 
33 
34 
85 
36 
37 
418 
39 
40 

4) 

4S 
43 
44 
45 
46 
47 


1  - 


Total  duration  of  the  experiment,  in  hours    - 
puration  of  steady  action,  in  hours    - 
Area  of  grate,  in  square  feet 
Area  of  heated  surface  of  boiler,  in  square  feet 
Areaof  boiler  exposed  to  direct  radiation,  in  square  feet 
Number  of  charges  of  coal  supplied  to  grate 
Total  weight  of  coal  supplied  to  grate,  in  pounds 
Pounds  of  coal  actually  consumed    - 
Pounds  of  coal  withdrawn  and  sqmratpd  after  trial 
Mean  weight,  in  pounds,  of  one  cubic  foot  of  coal 
Pounds  of  coal  supplied  per  hour,  during  steady  action 
Pounds  of  coal  per  square  foot  of  grate  surface,  per  hour 
Total  waste,  ashes  and  elinker,  from  1 00  pounds  of  coal 
Pounds  of  clinker  alone,  from  100  pounds  of  coal 
Ratio  of  clinker  to  the  total  waste,  per  cent.   -  -  - 

Total  pounds  of  water  supplied  to  the  boiler   -  -  - 

Mean  temperature  of  water,  in  degrees  Fahrenhdt 
Pounds  of  water  supplied  at  the  end  of  experiment,  to  restore 
level         ------- 

Deduction  for  temperature  of  water  supplied  at  the  end  of  ex- 
periment, in  pounds         .  -  -  -  . 
Pounds  of  water  evaporated  per  hour,  during  steady  action 
Cubic  feet  of  water  per  hour,  during  steady  action 
Pounds  of  water  per  square  foot  of  heated  surface  per  hour,  by 
one  calculation     ------ 

Pounds  of  water  per  square  foot,  by  a  mean  of  several  ol>scr- 
vations    -----.- 

Water  evaporated  by  one  of  coal,  from  initial  temp,  (a)  final 
result       ------- 

Water  evaporated  hjr  one  of  coal,  from  initial  temp,  (b)  during 

steady  acticm         -       '       - 
Pounds  of  fufl  evaporating  one  cubic  foot  of  water 
Me  I  n  temperature  of  air  entering  lielow  ash  pit,  during  steady 
prctttjure  -  -  -  - 

Mran  t^Tuperature  of  wet  bulb  thermom.,  during  stcfuly  pressure 
Mean  tempt^rature  of  air,  on  arriving  at  the  grate 
Mean  tem]>erdtur»^  of  gase^*,  when  arrixing  at  the  chimney 
M'^an  temperature  of  sU'am  in  tlie  boiler  -  -  - 

Mean  temperature  of  attached  thermometer     -  -  - 

Mean  height  of  baromelt-r,  in  inches  -  -  .  - 

Me<m  numlwr  oi  volutnt^  of  air  in  manometer 
Mein  height  of  mercury  in  manometer  -      .       - 

Mean  height  of  water  in  syphon  draught  gauge  -  * 

Mjmii  temperature  of  dew  point,  by  calculation 
Mean  gain  of  temperature  by  the  air  before  reaching  gyrate 
Meiui  ilifTerence  between  steam  and  escaping  gases     - 
Wiit*>r  to  one  of  coal,  eorrecttxl  for  temperature  of  water  in  cis- 
tern and  l>oileT      - 
WaU^r  to  one  of  coal,  from  212^,  corrected  for  temperature  of 
water  in  cistern  and  boiler  -  -  _  - 

Pounds  of  water,  from  212°,  to  one  cubic  foot  of  coal 
Water,  from  212®,  to  1  lb.  of  combustible  matter  of  the  fuel  - 
Mean  pressure,  in  atmospheres,  above  a  vacuum 
Mean  pressure,  in  poundis  per  square  inch,  above  atmosphere  • 
Condition  of  the  air  plates  at  the  ftimaoe  bridge 
Inches  opening  of  damper,  (U.  upper)  - 


1st  Trid. 
(Table  CXXVII 


fid  Trial. 
)(TaiileCXXVin) 


June  6. 
24.633 
7.9 
14.07 
377.6 
18.75 
15.0 
1335.25 
132'».037 
10.213 
44.6063 
154  283 
10.96> 
9.059 
6.039 
65.627 
10599.0 
76**.« 

739.0 

99.0 

1283.14 
19  3i 

3.266 

3253 

7.9243 

7.992 
7.8871 

780. 1 1 
66°  53 
2 13°.  67 
347°.93 
23:i<>.93 
75«>.0 
29.921 
8.233 
0.234 
0.433 
60°.  56 
165°.66 
123°.e9 

7.9062 

8.9502 
398.36 
9.8417 
1.4666 
6.903fi 

Closed. 

U.     12 


Junt  7. 
31.0 
7.8S3 
14.07 
377.5 
18.75 
10.0 
Oil. 50 
931.10 
7.40 
47.075 
84.0 
5.97 
8.2755 
3.7234 
44  out 
7445  0 
75°  8 

317.0 

42.0 
725.77 

'11.61 

1.932 

1.972 

7.925 

8.639 
7.8865 

76°.  1? 
62°.8 
264°.07 
322°.  47 
231<'.67 
73°.  0 
80.231 
8.387 
0.2168 
0.2364 
66®.02 
187°.90 
930.84 

7.9156 

89814 
422.80 
9.7918 
1.4U4 
6.3676 

Closed. 

U.     6 
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Mining  Company's  coal, 
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3dTri«l. 

4<hTriaL 

^^^mm. 

1 

llemurks. 

(TkbleCXnX) 

(TftUeQXXZ.) 

Jitne  8. 

June  9. 

S9.9HI 

83.833 

C.St 

4.888 

M.O? 

14.07 

■# 

877,5 

377.5 

16.76 

18.75 

96 

0.0 

787.75 

858.76 

T77.623 

888.61^ 

^0.187 

14.135 

10i46.9 

t 

43,76 

47.37 

45  7683 

H7»54 

180.867 

119.083 

8.854 

8.546 

8.4698 

■ 

04fi&4 

9.674 

9.0687 

4 

•       4.8244 

3.7681 
88.903 

4.V887 

4f.596 

46.280 

64U9.0 

6676.0 

■ 

the  l8t  trial,  iriitiitkiooiubuMiOTi'WMiaMt^^ 

74M 

8l<>.8 

9000 

477.0 

$8.0 

56.0 

* 

711.985 

968.136 

900.745 

11.39 

46i40 

14.467 

Thempid  eraponition  <mt]ie  let  trial  wiw  fetWMl 
1)91  the  demmwaf  t)wfloei^t94  the  rppid'ccni- 

1.886 

8.565 

8.4095 

bullion  by  the  prexalence  of  a  Qo^MMfreet.  wM»^£»- 
voring  a  etroog  draught. 

1.887 

8.608 

8.185 

7.8039 

7.90O5 

• 

6.657 

8.049 

7.684 

- 

7.6889 

7;9175 

7.8435 

80«.18 

84<>.44 

70^.57 

750.4 

• 

S7r».07 

8830.28 

8580.01 

ft9{<'M 

4160.O 

3440.48 

»32*».I4 

838®  .77 

■ 

77®.0 

8IO.O 

30.183 

89.99 

^ 

8.465 

8.3855 

0.8118 

0.8198 

■ 

0.1958 

0.3318 

0.8991 

66<^.68 

78**.  38 

I960 .87 

1380.78 

1780.28 

68^  .6 

174*'.  75 

1130.78 

8.1113 

7.8636 

7.9498 

* 

9.198 

8.8637 

8  99S3 

' 

408.51 

410.87 

410.89 

10.1374 

9.8131 

9.896 

U  appean  that  barning  with  the  air  plate  open  caused 

1.4148 

1,4439 

1.4373 

an  increoae  of  efficiency  in  the  combustible  matter 

6.1176 

6.5557 

6.461 

of  this  coal,  amounting  to  1 .5  per  cent. 

Open. 

Open. 

U.    6 

U.     18 

* 
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No.  7. 
Bifuminous  coal  of  average  size,  sent  by  Ihe  Midlothian  Coal  Co ,  Fa, 

This  sample,  together  with  one  in  the  state  of  himps,  is  referred  to  in  the 
MIowiug  letter : 

"  Richmond,  June  23,  1842. 

**Sir:  Above  I  hand  yon  a  bill  of  lading  for  ten  hogsheads  Midlothian 
axU-^five  being  screened  coal,  and  five  average  coal — designed  for  trial  for 
the  steam  service.  The  average  coal  is  abont  8  per  cent,  heavier,  and  about 
15  per  cent,  cheaper,  than  the  screened  coal ;  and  conseqnently  it  is  of  im- 
portance to  the  Government  if  this  description  of  coal  shall  be  found  suita- 
ble for  the  naval  steam  service,  particularly  as  any  quantity  of  that  kind  of 
coal  can  always  be  obtained. 

**The  Midlothian  mines  lie  abont  thirteen  miles  west  of  Manchester,  are 
connected  with  tide  water  just  below  Manchester  by  a  railroad,  where  the 
cosl  is  shipped  in  vessels  carrying  less  and  up  to  7,000  bushels.  This  coal 
has  been  extracted  from  the  mines  during  the  present  year,  and  can  be  ship- 
ped at  any  of  our  cities  on  the  Atlantic  coast,  or  points  where  schooners  can 
iHtTigate  on  the  Mississippi  and  the  Gulf  of  Mexico. 

Most  respectfully,  yours,  «  A.  S.  WOOLDRIDGE, 

"  President  oft  he  Midlothian  Coal  Mining  Co. 

**Com.  Kennon,  Comdt.  of  the  Navy  Yard^  IV.  C" 

This  sample  exhibits  the  main  partings  inclined  to  the  surfaces  of  ^epo- 
ailion  in  an  angle  of  about  80°  or  81°.  The  planes  of  both  the  main  and 
ooss  partings  are  marked  with  scales  of  carbonate  of  lima 

In  tho  course  of  eighteen  months,  specimens  not  exposed  to  any  other 
moisture  than  that  in  the  atmosphere  of  a  dry  apartment,  have  become  al- 
most entirely  disintegrated  by  the  efflorescence  of  the  sulphuret  into  sulphate 
of  iron.  This  circumstance  abundantly  indicates  one  of  the  impurities  of 
the  coal,  atid  points  to  its  probably  becoming  heated  if  exposed  in  lai*ge  quan- 
tities to  the  influences  of  the  air  for  any  very  protracted  period. 

The  coal  produces  on  a  white  ground  a  brown  streak,  and  its  powder  is 
also  brown. 

The  specific  gravity  of  two  specimens  [a  and  h)  was  found  to  be,  respec- 
tiYely,  1.3006  and  1.2882,  from  which  the  calculated  \yeight  of  one  cubic 
hoi  is  80.895  pounds. 

The  weighing  and  measuring  of  forty-two  charges,  of  which  the  least 
CiMitained  46.25,  and  the  greatest  58.125  pounds  per  cubic  foot,  resulted  in 
establishing  the  average  of  the  whole  at  54.044  pounds,  which  is  0.668  of 
tile  above  calculated  weight.  The  space  for  stowing  one  ton  is  41.448 
cubic  feet. 

The  analyses  of  the  two  specimens  above  referred  to  afforded  the  fol-  ^ 
lowing  results,  viz : 

8pociiDen  a.  Bpecimen  b. 

Moirture  .            -            -            -            -          0-997  0.766 

Bnlphar    -----    (not  examined)  0.057 

Other  volatile  matter          ...        31.093  30217 

Earthy  matter       .            -            -            -          4.800  4.375 

Fixed  carbon          -            -            -            -        63.110  64.585 


100.  100. 


Volatile  to  fixed  combuftibfe  -  -     1:3.0397  1:2.133 
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The  volatile  matter,  including  moisture,  in  two  specimens 'examined  by 
Dr.  King,  was  found  to  be  33.251  per  cent. ;  which,  combined  with  the 
above,  give  the  mean  for  four  specimens  of  32.251  per  cent,  of  products 
volatilizable  at  redness. 

The  moisture  expelled  by  drj'ing  28  pounds  for  two  days  was  11  ounces^ 
or  2.455  percent. 

The  combustion  of  4,506.39  pounds  of  this  coal  yielded — 

278.39  pounds  of  ashes,  weighing  53.8  pounds  per  cubic  foot. 
408  pounds  of  clinker,         "  37.50  "  " 

28  pounds  of  soot,  «  19.06  «'  " 

The  ashes  lost  by  reincineration  10.09,  the  clinker  0.96S,  and  the  soot 
36.66  per  cent.  Making  these  reductions,  and  subtracting  the  ashes  of 
wood  consumed  in  raising  steam,  (2.36  pounds,)  the  remainder  is  664.105 
pounds, or  14.737  per  cent,  of  the  coal  actually  consumed. 

The  clinker  is  dark  brown,  or  black,  with  portions  of  lighter  colored 
shaly  matter  disseminated  through  it.  The  masses  are  lar^e  and  porous* 
•This  circumsiance.  together  wiih  the  minjife  subdivision  in  which  iho  sam- 
ple was  found,  caused  much  clogging  of  tne  grate ;  demanded  frequent  use 
of  tlie*  slice  bar  to  keep  it  moderately  free;  and  required  the  contents  of  the 
ash  pit  to  be  several  times  returned  to  the  grate,  to  prevent  the  loss  of  much 
small  coke  and  coal. 

When  completely  calcined,  the  clinker  becomes  reddish  brown,  or  dork 
red  gray.  After  reincineration,  the  ashes  are  of  a  deeper  red  than  the 
clinker;  and  the  residue  of  the  soot  is  of  a  dnll  brick-red  thit,  while  thd 
ashes  from  analysis  are  of  a  blackish-gray  color. 

The  experiments  on  the  entire  sample  may  be  represented  as  giving  the 
following  composition  of  this  coal : .         x 

Moiatare          -            -  -  -  -  -  -  -  2.455 

Other  volatile  matter    -  -  -  -  -  -  -  29.796 

Earthy  matter              -  '        -  -  -  .  -  -  14.737 

Fixed  carbon  -.-  -  -  -  -  -  -  53.013 

100. 


Hence  the  volatile  to  the  fixed  combnsiiblo  is  1  : 1.78. 

With  oxide  of  lead,  the  reductive  power  of  specimen  b  was  found  to  be 
27.344,  which,  after  deducting  earthy  matter  and  moisture,  gives  for  1  of 
combustible  inatler  29.027. 

The  action  of  this  sample  in  smith  work  was  proved  only  in  the  anchor 
shop,  where  it  was  used  in  heating  large  bars  about  three  inches  square.  It 
worked  well,  forming  a  good  hollow  fire,  produced  a  light  coke,  and  gave 
a  large  amount  of  cinder. 

In  an  office  grate  it  exhibited,  when  thrown  on  a  mass  of  ignited  coke, 
an  immediate  development  of  brilliant  flame ;  and  though,  by  the  rapid 
absorption  of  caloric  by  the  gas  and  vapors  produced,  the  heat  of  the  fire 
was  necessarily  in  some  degree  checked,  the  flame  did  not  wholly  cease, 
as  often  happens,  while  the  vapors  of  water  and  tar  were  passing  off. 
When  nndergoing  the  partial  fusi6n  which  attends  the  rapid  evolution  of 
gas  and  vapor,  it  sends  out  jt'ts  of  white  flame  of  great  brilliancy.  This, 
together  with  the  amount  of  its  gaseous  products,  marks  its  adaptation  to 
the  pmrposes  of  producing  illuminating  gas. 

The  average  length  of  time  required  to  bring  the  boiler  into  steady  ac- 
tion was  1.51G  hoiK ;  and  the  weight  of  coke  left  unburnt  on  the  grate  was, 
on  an  average  of  five  trials,  6.442  pounds. 
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TABLE  CXXXII.^MIDU) 

First  trial— vpper  domptr  6  ittOm 
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THIAN  (AVERAGE)  COAL. 
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TABLE  eXXXIII.— MIDLO 
Seeond  trial — upper  damper  12  inchtt 
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0.155 

'9.01 

Mij35 

4.68  '63 

B6.6 

93(1 

100 

76 

380 

-  ■  39.91 

_ 

_ 

0.13 

6S60 

- 

6  JO  66 

59 

334 

186 

76 

310 

-  i  39.94 

" 

Ji 

0.14 

6480 

395 
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TOIAN  (AVERAGE)  COAL. 


open;  air  plates  open;  coking  plate  on. 


8 


1 

8 

t 

^  2 

c 

.S« 

o 

S, 

^ 

0) 

p 

0.20 

1.30 

3.46 
6.06 
6.00 


I 


h»    fll* 

63.6 
59.9 

8.10 

53.0 

- 

63  7 

9.50 
11.25 

65.0 
54.0 
53.0 
54.0 

2  S 

o-S 

•a -5 
o 


or 

e 


a". 

^5 


144 
117 

129.5 

1.31 


52.0 
51.0 
54.0 
54.0 
54.0 
55.0 
56.0 
57.1 
67.0 
66.6 
68.6 
58.5 

58.6 


58  0 

48.7 
61.7 


139 
150 
152 
153 

162 
168 
174 
177 
184.5 
190 
194.5 
191 
,194 
201 
202 
203 

214 


221 

157 
158 


to 


be 

c 


9 

« 


or*  te 

it 


9 


5-«^ 


S. 


—22 
+34 

34 

82 

74 
80 
86 
90 


REMARKS.— Grate  «arftkoe  12.1875  equue  fiset;  length 
of  circoit  of  heated  gaset  131  foet;  height  of  chimnej  41 


102 

107 

104 

101 

87 

83 

94 

96 

88 

82 

82 

87 


87 


75 


—20 
—22 


0  901 

1.033 
2  543 
1.042 
1.844 


1.862 
0.993 
0.675 
1.271 
1.156 
2.199 
2.066 
0.914 
0.901 
0.973 
1.689 


Commonced  firing. 

Wood  consumed,   166  Ibm;  commenoed  oharging;  steam 

at  oquilibHura. 
Steam  blows  ofTt  damper  set  at  12  inchea;  air  plates  opened 

at  8A.  20/n.  a.  m. 
Coal  in  drymg  apparatus  weighed  27  Iba.  12  oz. 

A  amall  portion  of  the  third  charge  was  thrown  on  the  gnto 
with  the  second.  * 

Smoke  26  seconds  in  reaching  chimney  top. 

Tank  partly  filled  at  m. 


2.688 


Filled  tank  at  4A.  15m. 

Smoke  23.6  seconds  in  reaching  chimney  top;  syphon  O.St. 

Less  fine  coal  in  that  hunted  to-day  than  yestoday. 

Air  plates  closed,  and  contents  of  ash  pit  thrown  on  grata* 

Water  in  boiler  left  at  1.6  inch  above  normal  lereL 

Water  in  boiler  (bond  1.25  indi  below  normal  level. 
Water  in  boiler  adjusted. 


RESIDUA. 

Powub. 

Clinker 72.00 

Adies .-            .            -  47.60 

Ashes  behind  bridge            --------  1.60 

Total  clinker  and  ashes        ••            -            -            •            •            -            -  121.10 

Deduct  wood  ashes               •.....-•  0.dt4 

Total  waste  from  coal                       ........  120.776 

CukB .-.-.  3,37 


[886] 
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TABLE  CXXX^V.— MIDLO 


Tbi9^  irial — iaioer  dampa^  12  in^u 


Mft726 


May  26 


Hour. 


A.  M. 

6.60 
7.40 


8.80 
8.40 
».10 
9.45 
10.00 

10.50 
11.20 

F.  M. 

0.00 
0  30 
1.00 
1.30 
S.OO 
2.30 
3.00 
3.30 
4.00 
4.80 
5.00 
6.80 
6.00 

6.30 


6.40 

A.  M. 

4.40 
6.10 


TSMFBKATUHSS  OF  THB 


68 

67 

68 


ii 
II 


60 
87 

66 


216 
202 

200 


66  66 

66  56.5 

60  64 

68  54  5 

68  55 

69  56 
68  56 

70  58 
69.5  56.5 
70   57.2 
70   57 
73   60 

73  60 

74  60.5 
76   61 
73  5  60.5 
76  «1 

75  62 

78.6162 

I 


188 
214 


78 


64 


194 

200 
209 
217 
217 

230 
242 

254 
258 
262 
268 
268 
269 
273 
276 
276 
276 
276 
274 
284 


420 
440 
482 


420  74 
420  74 


.a 
I 


76 
74 

74 


74 
74 
74 


210 
22e 

227 


450 

428 

466 
432 
440 
440 
474 
660^71 


446 
568 
460 
454 


70 
70 

70 
70 
70 
70 
70 


460^72 


600 
440 


70.5 
71 
71 
71 


71 
73 


76  .64  j  286  42071 


1230 
231 
282 

m\ 

230 

231 
291 

230.6 

231 

232 

231 

231 

1932 

230 

281 

232 

1231 

231 

281 

232 

232 


290 


63   59   210 
65   60  I  210 


420.71 


72 
72 


229 

214 
212 


29.97 
29.96 

29.96 


29.97 
29.97 
29.99 
29.99 
29.99 

29.99 
30.00 

29.98 
29.98 
29.98 
29.94 
29.95 
29.95 
29.95 
29.95 
29.94 
29.95 
29.95 
29.95 
29.95 

29.95 


0.147 
0.173 


29.95 

29.96 
29.97 


0.186 
0.190 
0.196 
0.187 
0.195 

0.189 
0.194 

0.187 
0.181 
0.192 
0.171 
0.178 
0.189 
0.181 
0  179 
0.181 
0.179 
0.179 
0.186 
0.185 

0.175 


0.161 


9.14 


8.86 


8.72 
8.69 
8.62 
8.72 
8.64 

8.70 
8.65 

8.72 
8.78 
8.66 
8.84 
8.81 
8.70 
8.78 
8.80 
8.78 
8.80 
8.82 
8.73 
8.74 

8.85 


8.98 


u 


0.14     - 
0.16     - 

0.17     - 

0.19  445 
0.22^  696 
0.23^  920 
0.291400 
O.20I166O 


(OJI 


0.202055 

0.20B4S5 

0.203022 
0.20*3365 
0  2lb705 
0.20  4045 


0.19 
0.20 
0.21 
0.21 


4360 
4600 
4835 
5170 


lll.lO 


11160 


108. 
104 


LS5 


0.20  5430 
0.20  6763 
0.20  6015 


0.21 
0.22 


6255 
6760 


0.197015 


0.19  7565 


0.15 
0.14 


7573 
7825 


106.76 

107.25 
104.76 
104.66 

104.60 
109.60 


Period  of  steady  action,  from  lOA.  O/n.  a.  m.  to  6A.  Om.  p.  m.  =  8A- ;  coal  to  grate  for  tbal 
time,  741.75  pounds;  water  to  boiler,  6,200  pounds;  water  to  one  of  coal,  7.01. 
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THIAN  (AVERAGE)  COAL. 

^en;  atr  plates  open;  coking  piate  on. 

I 


C3»6r] 


I 


§ 


h"  ni. 


7.40 

8.40 

10.CO 
10.50 

O.OO 

i.ia 

,  S.30 
3.30 

5.00 
6.00 

•  •  B  •  •   •  «• 


;3 

s 


e  s 


S 


54.3 
48.8 

45.7 


45.8 
46.6 
42.4 
39.5 
43.2 

44.9 
45.7 

48.8 
45,0 
46  25 
46.5 
.51.1 
51.1 
51.0 
51.3 

51  5 

52  0 
54.0 
54.  U 
56.2 

57.2 


55.8 
5<i.4 


^ 


I 


c 
c 


g' 


148 
135 

132 


129 
134 
143 
149 
149 

161 
174 

181 

188.5 

192 

108 

195 

196 

199 

200 

202.5 

201 

201 

200.5 
204 

210 


147 
145 


—  22 

—  12 


4-190 
209 
200 
189 
190 


I J 


gr.s 

^  Q  a 


2.309 
1.557 
2.249 
2.847 
2  415 


219 
196 

235.5 

201 

208 

209 

243 

268 

216 

237 

228 

223 

229 

269 

208 


188 
191 


2.594 
3.485 

3.691 
2.995 
2.969 
2.969 
2.827 
2  096 
2.052 
2.926 
2.183 
2.926 
2.271 
2.096 
2.410 


2.227 


REMARKS.— Grate  surface  12.1875  square  feet;  lei^A 
of  circuit  of  heated  gases  69.5  feet;  height  of  chimney 
41  feet 


Commenced  firing.  \ 

Wood    consumed)    121    pounds;    commenced  charging; 

steam  at  equilibrium. 
J^ower  domiJcr  opened  to  12  hichee;  steam  blows  off  at  7A. 

40m.  a.  m. 

Air  plates  opened, 

8moke  12  seconds  ia  reaching  chimney  top. 

Commenced  drawincr  gases  at  lOA.  I2m,  a.  m.;  drew  100 

cubic  inches,  which  gave  0.45  grain  ^ter;  filled  tank 

at  lOA.  40m.  a.  m* 


Smoke  13  seconds  in  reaching  chimney  t<^ 


Filled  tank  at  5A.  207n.  p.  m. 

Coal  in  the  drying  apparatus  weighed  27  poufids  S  ounces. 

V 

Contents  of  ash  pit  thrown  in  grate;  lower  damper  set  at  6 

inches. 
Air  plates  closed;  water  in  boiler  lefl  at  1.6  indl  above 

normal  level. 
Water  0.45  inch  below  normal  leveL 
Water  in  boiler  adjusted. 


RESIDUA. 

CHnker  -  .  - 110.00 

Aabea 47.00 

Aibes  behind  bridge    ---••.•«•       2.00 

159.00 
IMoet  wood  adiee     -•....•••       0.371 

Tetel  wMlfr  firom  0(m1  ••..••••  158.629 

Cota 3.W 
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TABLE  CXXXV.—MIDLO 
Fourth  trial— lower  damper  12 


Period  of  Meidj  action,  from  Sk.  a.  m.  lo  SA.  p.  m.  >^  b&,  i  coal  aui^lied  to  grate  for  tbaltnat, 
5(M>.6  poondti  -nater  tobwler,  aame  limc^  4,48G  pavndi;  iratat  to  one  oTcoal,  S.I4T. 


399 
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THIAN  (AVERAGE)  COAL. 
inches  open  ;  air  plates  closed. 


a  » 

18 

point,  by  calcula-  i 
tion.                1 

of  temperature  by 
air  before  reach- 
grate. 

^  ^  ^ 

"  g  b£ 

p  |5  5 

r  per  square  fool 

absorbing  Burtace 
hour. 

g 

^ 

I-.  2-  o  r»    >» 
w  3  c  ,  *r  '*<  a* 

S 

P 

o 

Q 

^ 

A«  m< 

~ 

55.7 

142 

—  :^o 

6.40 

.56.9 

137 

— 

— 

7.00 

65.7 

137 

4-103 
142 

1.777 

_. 

59.  ;i 

126 

8.00 

66.0 

125 

u;o 

2.996 

• 

56.4 

128 

211 

I  811 

9.90 

5d.9 

'  137 

204 

2  083 

— 

51.5 

145 

219 

2013 

~ 

55  3 

152 

229 

3  0G6 

10  00 

55  3 

159 

239 

2  996 

-. 

56  2 

166 

2.9 

I.5C8 

- 

67.6 

17C 

241 

3.972 

J  1.45 

58.9 

184   185 

2.717 

-. 

58.9 

198  •  210  ;  2  927 

0.50 

59.3 

212  1  249  ;  3.310 

. 

600 

213   189  !  1.846 

2.00 

62.8 

217   192 

1.742 

^ 

63.0 

210 

178 

2.961 

MB 

• 

63.8 

122 

, 

— 

61.6 

117 

^ 

HEMAHK8 — Grate  surface  15.4375  square  foet;  lengdi 
of  circuit  of  heated  g^sea  59.5  feet;  hei^k  of  chiouMjf 
41  foot. 


Coramciicod  firing;  water  at  normal  level  at  212^. 
Wootl  conmnned,    110.75  pounds;   commenced  charging 
with  codl;  stetun  at  equilibrium;  blowing  off  at  7A. 

Smoke  13  pcconds  in  reaching  chimney  top. 


8moke  1 1  sooonds  in  reaching  chiomey  top. 
Killed  tank;  tvatcr  0.4  inch  below  normal  level. 
8raokc  12  seconds  in  reaching  chimney  top;  water  bronghf 
to  proper  level. 


The  coal  of  this  and  the  preceding  experiment  about  the 
same  character;  contents  of  ash  pit  thrown  on  grate,  md 
damper  reduced  to  six  inches;  filled  tank  at  bh.  5fis. 
p.  m. 


Water  in  boiler  adjusted. 


\  RESIDUA. 

Cftnker       ...........  74.5O 

58.25 

beliiiid  bridge             .••.....  1.70 

Total  cHnker  and  adies        •            •            -            -            •'-            -            •  129.46 

IMocX  wood  ashes  -••.-•..•  0.S4 

Tbtal  wMte  from  ooal          ••-.••..  129.11 

CdM 10.972 
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TABLE  CXXXVL— MIDLO 
Ftflh  irial — upper  damper  It 


Bito. 


May  27 


TEXPERATUBBS  OP  TBB 


Hoar. 


A.  "W. 

5.40 
6.00 

7.00 

7.30 


b0 


•a  ^ 

c 


Kay  28 


8  00 
8.40 
S.OO 
930 

10.00 
10.30 
11.00 
11.30 

p.   M. 

0.00 
0  30 
1.1.5 
1.30 
3.00 


68 
60 


g 


.£3 


64 
65 


69    Q4 


67 


70 
71 
72 

74 


61 


66 
66 
66 
66 


75  65 

76  65 


9  40 

A.  M. 

5.15 
5.45 


77 

78 

81 
79 
80 
81 
89 


65 
65 

67 
66 

t55 
G7 
70 


84 

65 
64 


I 


190 
186 

175 

174 


te 


c 


a 


178 
182 
188 


318 


39i 


214 
260 
276 


194    288 


201 
208 

218 
230 

ilO 


298 
300 
310 
308 


250    314 
260    302 


68 

62 
61.5 


254 
282 


280 
280 


3 

09 


s 


o 


B 


173     76 


206 
202 


70     226 


76 


76 
76 
76 


229 


M 
bo 

0) 

X 


229 
229 

122^ 


78  I  229 


78  1229 


18 
78 

78 


310     78 
78 


283 


202 


304 


180 


78 

77 

77 


230 
229 


227 
228 

229 
230 


29  89 
29.91 

29.91 

29.91 


77 

76 
76 


229 

210 

201 


2'J.9l 
29.92 
29  92 
29.9i 

2^.93 
29  90 
29.90 
29.90 

29.91 
29.91 
29.91 
29  90 
29.90 


a 


m 
B 
o 

> 


0.213 


O   ^ 

■a 


9 


bo  a, 


0  14 
O.U 

8.45    0.15 


0.216    8.50 


29.90 


29.97 


0.213 
0.213 
0.221 
0  222 

0.210 
0.2i3 
0  223 
0.2i2 

0.220 
0  222 
0.202 
0.213 
0.210 


8  44 
8.4  ^ 
8.-34 
8.36 

8.47 
8.35 
8  35 
8.36 

8  38 
8  30 
8.55 
8  45 
8  49 


0  20 

0.2L 
0.20 
0.21 
0.23 


t 

bo 

il 
'si 


•a 


170 

505 

780 

9oJ 

1290 


0.197 


8.62 


0.23 
0.23 
0.26 
0.22 

0  2.^ 
0.25 
0.23 
0.22 
0.23 


0.2i 


0  11 


1C25 
1890 
•24/5 
2780 

3i50 
3576 
4256 
4300 
4710 


108.76 

108.00 


10525 


5  370 

5920 
6302 


llOM 
109.76 

104.85 


10900' 
108.00 


Poriod  of  steady  action,  from  9A.  30m.  a.  m.  to  2//.  p.  m.^4h.  30m.;  coal  aupp ied  to gntcir 
588.25  Iba.;  water  to  boiler,  3,420  lbs. ;  water  to  1  of  coal  during  this  period,  8.75U. 


THIAN  (AVERAGE)  COAL. 
inches  open  ;  air  plates  closed. 
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t  386] 


a 


Is 


A.  m. 


7.15 
7.30 


9.30 


10  30 


11.20 


0.30 

1.25 
3.00 


S 
"a 

o 

1 

.s 


>%  bo 

S  c 
CD 


61.6 
61.0 
62.2 


S.I  fir's 


i 


o  Se   S  '  *  -S 


REMARKS— Orate  surface  15.4375  squar^feet;  leng^of 
circuit  of  heated  gaaes  121  feet;  heigbt  of  chimney  41  fe«t. 


63.8 
633 
62.8 
61.8 

59.5 
50.1 
58.5 
58.1 

60.3 
59.4 
57.1 
60.3 
62.2 


60.7 

60.0 
59.7 


122 

117 

106 
107 


108 
111 
116 
120 

126 
132 
141 
152 

159 
171 
180 
183 
193 


—29 

+92 

165 


0.901 


199 
137 


15  1.775 
31  1.093 
48  ;  1.351 


59 


1.801 


69 
70 
81 


83 
86 
73 
51 
50 


1.775 
1.404 
3.099 
1.616 

2.702 
1.509 

1.921 
2.172 


75 
30 


2.622 


Commenced  firing;  dew  point,  by  observation,  60^.7  at 

6A.  30?/*. 
Wood  consumed,   166^  lbs.;  commerced  charging  with. 

coal;  steam  blows  off. 
Upper  damper  at  12  inches. 


Smoke  21  seconds  in  reaching  chimney  top  at  9A.  25m.; 
syphon  0.21.  , 

Smoke  21  seconds  in  reaching  chimney  top;  syphon  0.24. 
Smoke  2 1  seconds  in  reaching  chimney  top;  syphon  0.22. 
Smoke  20  seconds  in  reaching  chimney  top;  syphon  0.25. 

Smoke  19  seconds  in  reachingchimney  top;  syphon  0.24. 

Smoke  at  OA.  45m.  21  seconds  in  reaching  chimney  top; 
syphon  0.22. 


Contents  of  ash  pit  thrown  on  grate,  and  damper  reduced 
to  6  iivches. 

Water  in  boiler  adjusted. 


RESIDUA. 


Cliiiker 

Ashes 

hAam  behind  bridge 


Deduct  wood  ashes  - 
Tots!  waste  from  coal 
Coke 


Pound.*. 

74.00 

59.25 

1.60 

133.85 
051 

133.34 

9.37 

2900 


ts 


1:386  3 


1 

8 

4 

6 

6 

7 

8 

9 

10 

11 

18 

13 

14 

16 

16 

17 

18 

19 

SO 
91 
32 

83 

24 

85 

86 

87 

88 
89 
30 
411 
82 
33 
84 
85 
36 
87 
38 
89 
40 
41 

42 
'43 
44 
45 
46 
47 
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TABLE  CXXXVIL— DEDUCTIONS  FROM  TABLES 

Experifhenis  on 


Natue  of  the  date  iuinubod  hj  the  rapeetivt  tabfai. 


Total  duration  of  the  experiment,  in  hoon    •  •  - 

Duration  of  steady  action,  in  hoora  -  .  .  . 

Area  of  grate,  in  square  feet 

Area  of  heated  surface  of  boiler,  in  square  feet 

Area  of  boiler  exposed  to  direct  radiation,  in  ■qiiax«\feeC 

Number  of  charges  of  coal  supplied  to  grate  .  •  - 

Total  weight  of  coal  supplied  to  grate,  in  pounds 

Pounds  of  coal  actually  consuma*.      -  -  -  - 

Pounds  of  coal  withdrawn  and  separated  «fter  trial 
Mean  weight,  in  pounds,  of  one  cubic  foot  of  coal 
Pounds  of  coal  suppliod  per  hour,  during  steady  action 
Pounds  of  coal  per  square  foot  of  grate  surface,  per  hour 
Total  waste,  ashes  and  clinker,  from  100  pounds  of  coal 
Pounds  of  clinker  alone,  from  100  pounds  of  coal 
Ratio  of  clinker  to  the  total  waste,  per  cent  -  .  . 

Total  pounds  of  water  supplied  to  the  boiler  -  .  . 

Mean  temperature  of  water,  in  degrees  Fahrenheit 
Pounds  of  water  supplied  at  the  end  of  experiooent,  to  restore  level 
Deduction  for  temperature  of  water  supplied  at  the  end  of  ex- 
periment, in  pounds  -  -  -  «  . 
Pounds  of  water  evaporated  per  hour,  during  steady  action 
Cubic  feet  of  water  per  hour,  during  steady  action 
Pounds  of  water  per  square  foot  of  heated  surface  per  hour,  by 

one  calculation      -  -  .  - 

Pounds  of  water  per  square  foot,  by  a  mean  of  several  obser- 
vations    -         .   - 
Water  evaporated  by  one  of  coal,  from  initial  temperature  (a) 
final  result  ------ 

Water  evaporated  by  one  of  coal,  from  initial  temperature  (b) 
during  steady  action  -  -  -  -  - 

Pounds  of  fufd  evaporating  one  cubic  foot  of  water     - 
Mean  temperature  of  air  entering  below  ash  pit,  during  steady 
pre*mre  ------- 

Mean  temp,  of  wet  bfulb  thermometer,  during  steady  pressure 
Mean  temperature  of  air,  on  arriving  at  the  grate       -  ^- 

Mean  temperature  of  gases,  when  arriving  at  the  chimney 
Mean  temperature  of  steam  in  the  boiler        -  -  - 

Mean  temperature  of  attached  thermometer    -  -  - 

Mean  heia^ht  of  barometer,  in  inches  -  -  - 

Mean  number  of  volumes  of  air  in  manometer 
Mean  height  of  mercury  in  manometer  in  atmospheres 
Mean  height  of  water  in  syphon  draught  gauge,  in  inches 
Mean  temperature  of  dew  point,  by  calculation 
Mean  gain  of  temperature  by  the  air,  before  reaching  grate 
Mean  difference  between  steam  and  escaping  gases 
Water  to  one  of  coal,  corrected  for  temp,  of  water  in  dstem  - 
Water  to  one  of  coal,  frx»m  212^,  corrected  for  temperature  of 
water  in  cistern     ----*- 

Pounds  of  water,  frt>m  212*^,  to  one  cubic  foot  of  coal 

Water,  from  212^,  to  one  pound  of  combustible  matter  of  the  friel 

Mean  pressure,  in  atmoejAieres,  above  a  vacuum 

Mean  pressure,  in  pounds  per  square  inch,  above  atmoi^here  - 

Condition  of  the  air  plates  at  the  frimaoe  bridge 

Inches  opening  of  damper,  (U.  upper,  L.  lower) 


IfltTfiaL 

(Tab.CZXZn.) 


24.167 
6.000 
12.1876 
377.6 
16.237 
8.0 
865.5 
859.63 
6.97 
54.093 
67.25 
5.517 
14.738 
8.2722 
56.174 
6307.0 
68M 
857.0 

116.& 
492.6 
7.88 

1.304 

1.240 

7.199 

7.323 
&6818 

75M8 
63^82 
261*».21 
256<>.37 
229*^.58 
73*^.0 
29.814 
8.955 
0.164 
0.202 
57^.-49 
186'».03 
310.26 
7.1849 

8.1893 
442.99 
9.603 
1.4065 
6.004 
Open. 
U.     6 


Sd  Trial 
(Tftb.CXXXia) 


ilfay24. 
23.667 
6.583 
12. 1875 
377.5 
16.237 
8  0 
854.5 
851.128 
3.372 
53.4  5 
80.01 
6.565 
14.16 
8.4264 
59.460 
6480.0 
73^5 
620.0 

82.0 
503.57 
8.067 

1.334 

1.329 

7<516 

6.253 
8.3156 

78^.06 
630.62 
257^41 
320®.  66 
230<'.65 
76<».0 
29.919 
8.865 
0.173 
0.3275 
650.19 
179*».35 
93*.  58 
7.4953 

a5068 

464.30 
9.91 
1.4353 
6.4296 

Open. 

U.    12 


( 
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CXXXII,  CXXXIII,  CXXXIV,  CXXXV,  CXXXVI. 

Midlothian  {average)  coal. 
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SdTriaL 

4th  Trial. 

6th  Trial. 

Avengeai 

Remaifca.    ' 

rTiO).  CXXXIV.) 

(Tab.  CXXTV.) 

(Tab.  CXIXVL) 

Jl%25. 
24.333 

May%^, 

May  27. 

24.417 

24.0817 

8.00 

6.00 

4.60 

12J875 

16.4375 

16.4376 

387.0 

287.0 

377.6 

16.237 

29.668 

20.568 

10.0 

8.0 

80 

1073.6 

886.0 

860.26 

1070.87 

876.13 

860.88 

2.63 

10.87 

9.37 

6.442 

63.675 

66.375 

63766 

64.0024 

92.72 

91.76 

119.61 

90.268 

7.608 

6.943 

7.748 

6.6762 

14.813 

14.763 

16.671 

14.827 

•        * 

10.2486 

8.4913 

8.6663 

8.8209 

69.186 

67.556 

65.303 

59.5356 

7826.0 

6600.0 

6302.0 

Tl^'.O 

72^.1 

760.3 

- 

262.0 

840.0 

932.8 

. 

• 

34.0 

46.0 

123.0 

• 

660.0 

747.6 

760.0 

630.714 

10.4 

11.96 

12.16 

10.0914 

2.838 

2.604 

2.013 

2.0186 

2.819 

2.604 

2.024 

7.276 

7.3762 

7.261 

7.3256 

7.010 

8.147 

8.760 

7.4966 

9.7084 

• 

8.4732 

8.6076 

8.7663 

71°.26 

77^.60 

770.15 

68<>.66 

640.64 

660.98 

252^.81 

^    2440.5 

2220.7 

2470.726 

448<».09      1 

4390.86 

290O.0 

289O.007 

The  gas  escaped  into  the  dnmnej  at 

281<>.14 

230<*.64 

2280.83 

320O.6  ynhea  combustion  was  car- 

69O.0 

750.0 

750.0 

ried  on  bj  the  upper  damper,  and 

29.966 

29.981 

29.910 

at  4430  when  through  the  lowert 

8.740 

8.724 

8.411 

the  air  plate  being  open,  in  bodi 

0.1848 

0.186a 

0.2166 

cases. 

0.2034 

0.20 

0.2371 

0.214 

48^.74 

670. 64 

600.48 

1810.65 

I670.O 

1450.55 

1710.896 

2260.94 

2190.0 

700.37 

650.07 

The  3d  and  4th  trials  are  omitted  in 

7.2683 

7.3395 

7.2383 

7.8033 

this  average. 

8.2619 

8.3364 

8.1919 

8.2963 

• 

442.92 

461.63 

440.44 

448.466 

9.6868 

9.7791 

9.7246 

9.7407 

The  lower  damper  being  drawn,  and 

1.4486 

1.4666 

1.4234 

1.436 

the  gases  allowed  to  eseape  at  44^0, 

6.6246 

6.8916 

6.2683 

6.4406 

th<f  evaporathre  ^fiect  is  dimiqisliBd 

Open 

Closed. 

Closed. 

2.2  per  cent,  as  pbrcetved  00  com- 

L.      12. 

L.       12 

U.       12. 

parmg  the  result  of  the  3d  with  tfilil 

oftiie  2d  trial. 
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Remarks  on  the  preceding  table  of  deductions. 

The  third  and  fourth  trials  were  made  with  the  lower  damper  open  12 
inches  ;  and  the  former  with  air  plate  open,  the  latter  with  it  shut.  With 
the  former  arrangement,  the  gases  reached  the  chimney  at  an  average  tem- 
perature of  448^,  and  with  the  latter  at  439^  The  higher  temperature  was 
accompanied  by  a  range  of  ihe  syphon  gauge  slightly  superior  to  what  pre- 
vailed during  tha  trial  with  lower  temperature.  The  pound  of  combusti- 
ble matter  produced  more  steam  with  the  closed  than  with  the  open  air 
plate  ;  and  the  evaporation  with  the  closed  plate  also  exceeded  that  with  it 
opep,  in  the  proportion  of  11.96  to  10.4,  as  proved  in  line  21. 

For  the  whole  time  of  burning  this  coal,  the  chimney  was  but  41  feet  in 
height,  and  the  comparison  of  its  average  rate  of  evaporating  ought  -to  be 
made  with  that  of  other  coals  burned  under  similar  circumstances.  The 
average  of  the  five  trials  is  10.09  cubic  feet  per  hour;  that  of  Karthaus  was 
12.48 ;  that  of  Cambria  county,  Pennsylvania,  12.46.  Both  the  latter  coals 
were  in  the  average  state  as  to  size  of  lumps.  It  appears  that  the  total 
waste  of  this  average  Midlothian  coal,  in  ashes  and  clinker  from  the  grate, 
was  14.827  per  cent.  By  table  CX  VI,  it  appears  that  the  Midlothian  coal 
from  the  900  feet  shaft  left,  on  an  average,  10.702  per  cent,  of  Similar  waste. 
In  a  subsequent  table,  (CXLVII,)  it  will  appear  that  the  screened  coal  from 
the  same  company ^s  mine,  called  new  shaft y  left  10.258;  and  by  table  CLIII, 
the  Midlothian  ".scre^?icrf''  coal  will  be  seen  to  have  afforded  10.34  per 
<5ent.  of  waste.  All  these  latter  samples  appear  to  have  been  mined  with 
care,  or  at  least  properly  separated  from  slate  and  dirt  ;and  their  very  near 
conformity  with  each  other  indicates  that  a  reliance  can  be  placed  on  this 
coal,  when  thus  mined  and  prepared  for  market,  to  aifo^rd  about  S9.5  per 
cent,  of  its  weight  in  combustible  matter.  This  coal  was  found  io  pass  in 
considerable  quai:^tities  through  the  grate,  requiring  much  attention  to  avoid 
excessive  waste. 

Where  it  is  stated  in  the  tables  of  experiments  that  the  contents  of  the  ash 
pit  were  thrown  on  the  grate,  (as  gerter£^lly  happens  near  the  foot  of  the 
column  of  "  remarks,")  it  is  i\6i  to  be  understood  that  all  which  bad  passed  • 
the  grate  during  the  day  had  remained  in  the  ash  pit  till  that  time  ;  on  the 
contrary,  the  contents  of  the  ash  pit  were  frequently  returned  to  the  grate 
throughout  the  day.  The  operation  generally  noted  was  that  which  mark- 
ed Ihe  final  disposition  of  the  fuel  for  the  closing  of  the  experiment. 

This  mode  of  disposing  of  the  contents  of  the  ash  pit  makes  the  results 
in  regard  both  to  evaporative  power,  and  to  proportioiji  oiwaste,  consider- 
ably more  favorable  to  every  sample  than  they  could  be  expected  to  appear 
according  to  the  usual  mode  of  conducting  combustion.    The  tendency  of 
the  coal  or  its  coke  to  pass  through  the  grate  is  generally  noted,  and  its  lia- 
bility to  loss  from  this  cause  may  be  inferred.     In  practice  on  board  of 
steamers,  something  might,  no  doubt,  be  saved  by  a  judicious  application 
of  the  fallen  portions  of  fuel,  which  I  believe  are  now  generally  condemned 
to  go  overboard  with  the  cinders.     It  has  been  stated  that  instances  have 
occurred  in  which  nearly  50  percent,  as  much  weightof  matter  was  thrown 
out  from  the  ash  pit  as  had  been  taken  on  board  in  the  state  of  coal.    If 
any  approach  to  such  a  result  were  really  obtained,  it  argues  either  the  use 
of  a  coal  fisir  inferior  to'  any  which  has  come  under  notice  in  these  experi- 
ments, or  an  exceedingly  injudicious  and  wasteful  mode  of  applying  it.  In- 
stances will  be  found,  in  different  parts  of  this  series  of  trials,  in  which  the 
liability  of  bitiuoixiieUS  coals  U>  fall  into  fine  coke  increases  this  li^i^M'ty  to 
waste  beyond  what  is  due  to  the  finer  parts  of  the  coal. 
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No.  8. 
Bituminous  coal  frdm  the  Tippecanoe  pits^  near  Petersburg^  Virginia. 
The  following  letter  accompanied  this  sample : 

^^  Petersburg,  June,  17,  1343. 

^  Sirs  :  Herewith  we  enclose  your  bill  of  lading  for  six  hogsheads  bitu* 
minous  coal,  from  the  Tippecanoe  pits,  and  certificate;  which,  if  deficient 
in  form,  or  otherwise  objectionable,  you  will  please  let  us  know,  that  we 
may  remedy  the  deficiency. 

^<  The  coal  sent  was  taken  from  the  pits  this  month,  and  can  be  deliTered 
either  in  Boston,  New  York,  Baltimore,  Norfolk,  or  Charleston ;  though 
Norfolk  would  be  the  most  convenient  point  of  delivery. 
"  Re^ectfuUy,  your  obedient  servants, 

"J.  C.  &  J.  D.  OSBORN&&  CO., 

^'^^  Agents  Tippecanoe  Coal  Company.'*'* 

In  many  respects,  this  sample  resembles  that  from  the  Clover  Hill  mines,, 
which  has  already  been  described.  It  parts,  however,  more  readily  along 
the  surfaces  of  deposition,  being  evidently  aided  by  the  great  quantity  of 
efflorescent  sulphate  of  iron,  which  shows  itself  in  those  seams.  The  in- 
clinations of  the  main  partings  to  those  surfaces,  in  several  spechnens,  were 
measiured,  and  found  to  be  83  and  97  degrees.  Specimens  kept  dry  for  18 
months  are  already  disintegrating.  Yellow  sulphuret  of  iron  is  abundantly 
distributed  over  some  surfaces  of  recent  fractures.  When  received,  and 
when  placed  on  the  grate,  this  sample  was  almost  wholly  in  lumps  of  con- 
siderable size;  one  or  two  charges  only  of  fine  coal  were  taken  from  each 
hogshead,  lliis  will,  in  part,  explain  the  difierence  between  its  weight 
per  cubic  foot,  as  ascertained  by  actual  weighing,  and  that  of  several  sam- 
ples of  **  average"  coal  from  the  Virginia  coal  district. 

The  powder  of  this  coal  is  of  nearly  as  light  a  brown  as  that  of  cannel 
coal,  and  approaches  that  of  asphalt;  its  streak  is  also  brown. 

The  specific  gravity  of  one  specimen  (a)  was  1.235;  that  of  another  {b) 
1.4225.  The  former  giving  for  the  weight  of  a  cubic  foot  79.37,  and  the 
latter  88.91  pounds  ;  of  which  the  mean  is  84.14.  This  very  considerabiei 
difierence  in  specific  gravity  was  doubtless  due  to  the  much  greater  quan- 
tity of  earthy  matter  in  b  than  in  a;  but  the  mean  weight  per  cubic  foot 
may  probably  not  differ  far  from  the  actual  mean  weight  of  solid  coal  in 
the  mine,  since  the  average  amount  of  earthy  matter,  determined  in^he 
furnace  operations,  is  not  far  from  the  mean  amount  of  the  two  specimens; 
•  By  an  average  of  fifty-five  trials  in  the  charge  box,  the  weight  per  cubic 
foot  (mostly  in  the  state  of  lumps)  was  found  to  be  45.1  pounds,  or  0.530 
of  the  above  calculated  weight.  This  shows  that  49.668  cubic  feet  of  space- 
will  be  required  to  stow  one  ton.  The  greatest  difference  between  any 
two  cliarges  was  found  during  the  first  day's  trial  \^  in  which,  the  lemst 
weight  per  tubic  foot  was  41,  and  the  greatest  52.75  pounds. 

The  moisture  in  specimen  a  was  1.235  per  cent.,  and  that  in  b  1.395. 
The  drying  of  2B^  pounds  in  the  steaming  apparatus  for  four  days  occa^ 
sioned  a  loss  of  1.841  per  cent. 

The  sulphurfbund  in  a  was  0.3775  per  cent.  The  volatile  matter,  other 
than  moisture  and  sulphur,  in  xm,  was,  by  slow  cokipgi  a9.;^18;  and  by 
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rapid  coking,  33.378  per  cent  By  a  mean  of  two  trials  on  b,  it  gave,  be- 
aides  moisture,  32.39  per  cent,  of  volatile  matter. 

Four  incinerations  of  a  yielded  an  average  of  2.92  per  cent.,  and  eight 
of  b  gave  14.804  per  cent,  of  ashes. 

These  two  specimens  may,  therefore,  be  stated  to  consist  of  the  follow- 
ing proximate  ingredients,  viz  : 

Moisture  - 

Sulphur  -  •  ^        - 

Volatile  combustible,  by  rapid  coking    - 

Earthy  matter   .... 

Fixed  carbon      -  .  ^  . 


9p6cini6n  tf. 

8pecimai  6. 

1.235 

1.395 

0.377 

(not  tried.) 

33.378 

32.390 

2.920 

14.804 

62.090 

51.411 

100. 

100. 

1:1.860 

1 : 1.586 

Volatile  to  fixed  combustible 

Two  specimens  examined  by  Dr.  King  gave  the  mean  amount  of  vola- 
tile matter,  including  moisture,  37.625  per  cent.;  and  this,  combined  with 
the  mean  of  the  two  above  presented,  viz  :  34.387,  gives  as  the  average  of 
four  specimens  36.006.  *    . 

During  the  experiments  on  evaporation,  there  were  consumed,  at  five 
trials,  4,904.75  pounds'  of  coal ;  and  this  afforded  of  ashes^  including  .those 
of  wood,  279.125  pounds,  weighing  57.44  pounds  per  cubic  foot;  of  clin- 
ker, 200.5  pounds,  weighing  43.37  pounds  per  cubic  foot ;  and  44  pounds 
of  soot,  weighing  only  5.54  pounds  per  cubic  foot. 

The  ashes  lost  by  reincineration  8.48,  the  clinker  3.915,  and  the  soot 
64.74  per  cent,  of  weight.  By  reducing  the  above  numbers  in  these  pro- 
portions, we  have — 

Of  absolutely  incombustible  matter  in  the  ashes  -  -  255.45  pounds. 

clinker  -  192.65      " 

soot    -  -     15.51       " 


463.61       <« 
From  which  deduct  ashes  of  1,246.25  pounds  of  wood  =      3.826     ^^ 

And  we  have  of  incombustible  matter  of  the*coa/  alone    459.784    ^< 


Which  is  9.374  per  cent,  of  the  coal  consumed. 

Hence  it  appears  that  the  mean  proportion  of  earthy  matter  of  the  two 

specftaens  above  analyzed,  viz :  - — | — '■ —  =8.862  per  cent.,  is  0.512  less 

than  the  average  of  that,  of  the  whole  sample. 

From  these  determinations  on  the  large  scale,  we  have  the  composition 
of  the  coal  as  follows: 

Moisture,  by  drying  28  pounds  -  -     1.841  per  cent* 

Other  volatile  matter,  mean  from  4  specimens  -  34.165        "  - 
Earthy  matter,  from  4,904.75  pounds     -  -     9.374     '   ^^ 

Fixed  carbon,  computed  by  difference   -  -  54.620        " 

100. 


The  volatile  is  to  the  fixed  combustible  as      1  : 1.5987 
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The  clinker  of  this  coal  is,  in  all  respects,  similar  to  that  of  the  Clover 
Hill  sample.  By  reference  to  a  tabular  comparison  of  residua,  in  a  subse- 
quent part  of  this  report,  (table  CXC,)  it  will  be  seen  that  while  the  last- 
mentioned  coal  gave  3.86  per  cent,  of  its  weight  in  clinker,  the  Tippecanoe 
gave  4.03 — a  difference  which  may  easily  have  arisen  from  differences  ia 
the  rates  of  combustion,  which  in  the  latter  was  I  OS  pounds,  and  in  the 
former  only  .90  pounds  per  hour.  The  gauge  which  indicated  the  draught 
in  the  chimney  will  be  seen,  on  inspecting  the  table  of  deductions,  to  have 
marked  a  difference  corresponding  to  this  difference  of  rates ;  and  the  in- 
tensity of  ignition,  being  in  some  degree  proportionate  to  the  rate  of  com- 
bustion, will  account  for  a  larger  amount  of  cUnker  in  one  case  than  in  an-' 
other.  The  final  residue  of  the  clinker,  after  calcination,  is  of  a  bright  red 
color ;  that  from  reincinerating  the  ashes  is  slightly  lighter ;  that  from  the 
soot  still  a  shade  lighter ;  and  the  ashes  from  analysis  vary  from  an  o€;hrey 
yellow  to  a  bright  red. 

Treated  with  oxide  of  lead,  20  grains  of  the  above  described  specimen 
(a)  yielded  559.16  grains,  or  27.958  times  its  weight  of  metallic  lead;  and 
this,  after  deducting  moisture  and  earthy  matter,  is  29.17  to  1  of  combus- 
tible matter  of  the  specimen. 

The  soot  contained  13.904  per  cent,  of  volatile  matter,  and  50.84  of  fixed 
carbon. 

In  the  smith's  fire  this  coal  was  found  well  suited  for  the  small  work  in 
hand  a{  the  time  it  was  tried.  It  produced  but  a  moderate  quantity  of  cin- 
der. The  coke  becomes  very  hard,  which  was  judged  to  favor  the  forma- 
tion and  continuance  of  a  large  hollow  fire.  It  heats  well,  without  appa- 
rently injuring  the  iron. 

In  the  chain  shop,  where  it  was  used  in  making  the  links  of  a  small  chain, 
the  workman  complained  that  the  welding  was  sometimes  interfered  with 
by  the  sulphur  of  the  coal.  The  coke  appeared  not  inclined  to  agglutinate 
strongly ;  but  in  that  case,  as  a  hollow  fire  was  not  required,  no  attempt 
was  made  to  produce  one.  The  hardness  of  the  coke  was  rather  objection- 
able than  otherwise. 

In  an  office  grate,  it  was  found  to  give  a  brisk,  highly  luminous  flame, 
resembling  that  of  the  Midlothian  coal. 

For  the  manufacture  of  illuminating  gas,  it  is  perhaps  equal  to  any  other 
Virginia  coal.  The  amount  of  its  volatile  ingredients  is  greater  than  that 
of  Nova  Scotia  coals.  Its  distillation  will,  no  doubt,  give  rise  to  a  consid- 
erable quantity  of  ammoniacal  liquor,  and  probably  of  carbonic  acid,  from 
the  earthy  carbonates  distributed  through  the  seams.  Sulphuretted  hydro* 
gen  will  also  be  found  among  its  gaseous  products.    ^ 

It  could  not  be  employed  in  the  smelting  of  iron  from  the  or^  without 
previous  coking. 

In  the  furnace  of  the  steam  boiler,  it  was  observed  to  ignite  promptly, 
burn  freely,  with  s^  large  dense  red  flame,  and  to  agglutinate  while  coking, 
so  as  to  allow  but  a  moderate  quantity  to  pass  through  the  grate. 

The  average  time  required  by  this  coal  to  bring  the  boiler  into  steady 
action  was  1^333  hour;  and  the  weight  of  coke  left  unburnt,  after  the  fire 
had  become  extinct,  was  11.25  pounds.  In  this  last  circumstance,  it  cor- 
responds very  nearly  with  the  Creek  Company's  coa\,  the  Clover  Hill,  and 
the  Chesterfield  Mining  Company's  samples. 
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TA5LE  CXXXVUl— 

First  IruU — upper  d 


Hour. 

rem 

T„l. 

FTBB 

1, 

' 

s 

s 

■1, 

s 

■b2 

Dale. 

It 

I 

1% 

Ji 

J 

s 

1 

s 

ii 

s 

IS 

J 

■IF 

1 

1 

1 

S^ 

1 

o 

- 

- 

< 

X 

X 

X 

^ 

s 

h.  m. 

M.;    9 

.fi.46 

60 

- 

isqI 

150167 

m 

~ 

30.02 

- 

- 

- 

- 

e.w 

60 

_ 

16S 

190(67 

300 

_ 

30.07 

_ 

0.13 

_ 

_■ 

8.40 

60.6 

aoo 

30667 

336 

30.0S 

o.m 

9.00 

0.13 

8.45 

60.S 

- 

"°.' 

308167 

337 

- 

30.08 

0.180 

8.78 

0.15 
0.18 

335 

81.E0 
88.00 
84.60 

9.K 

el" 

- 

313 

224J67 

t 

330 

- 

30.09 

0.163 

8.76 



c 

10.35  fi2 

- 

,.. 

234I66 

1 

230 

30.09 

0.180 

8.7S 

0.18 

"i 

"sa'is 

11.00 

63 

3S0 

284  66 

3S0 

30.08 

0.179 

e.80 

0.1B 

1000 

81.06 

11.40 

63 

- 

390 

344I66 

330 

- 

30.07 

0.177 

8.83 

0.18 

1420 

93.00 

0.40 

63 

_ 

346  67 

,3. 

30.08 

0.190 

8.7B 

0.30 

1890 

86.60 

1.40 

64 

428 

366  66 

230 

30.08 

0.177 

8.82 

0.30 

3450 

116.76 

3.40 

64 

470 

356  67 

230.5 

80.07 

0.180 

8.78 

0.30 

2710 

96.00 

3.ao 

64 

480 

354|67 

231 

30.06 

0.178 

8.8A 

0.30 

JI90 

105.60 

4.O0 

63 

480 

251  !67 

230 

30.06 

0.179 

8.80 

0.1  e 

3270 

4.  SO 

63.5 

510 

344 

230 

30.or 

0.179 

8.80 

0.19 

3685 

B7.7B 

6.10 

63 

530 

343 

230 

- 

30.07 

o.m 

8.85 

0.19 

3940 

6.00 

GS 

- 

630 

340 

65 

230 

30  08 

0.173 

8.88 

0.19 

4140 

83.36 

May  10 

5.45 

56 

""!' 

"l.' 

304 

65 

222 

"'S 

30.14 

0.091 

9.68 

0.184480 

6,30 

56 

- 

250 

"T 

306 

~ 

30.14 

" 

0.186270 

- 

Pmriod  cf  stewl}  action,  from  dk.  50n>.  a,  m.  to  6A. 
gnle,  618  lbs.  ^  water  10  the  boiler,  3,694  tbi.;  wu«r  to  1 


Coal  ani^Ued  l«  Ik* 


'  ; 
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TIPPECANOE  COAL. 

ineht^  cjpen  ;  air  plaies  removed. 


S 

•s 

1 


B 


h*  in* 


e.46 

9.00 
9.50 

11.00 
11.40 

0.40 
1.40 
2.40 
3.45 

4.50 

6.00 


1.2 

a  -s  be 


60 

105 

189.5 

141.5 


151 


218 

288 
327 


364 

466 

416 

417 

447.5 

458 

468 


194 


111 


11 

h 


—14 

-10 
-20 
-19 

I—  6 


+  4 

4 
14 

16 
36 
.25.5 
23  ' 
24 
14 
12 
10 


18 
14 


0.934 


1.563 

0.795 
1.934 

1.245 
1.483 
0.689 
1.907 
0.318 
1.310 
2.026 
0.636 


REMARKS.— Grtt#  surface  16.25  square  feet,  length  ei 
drcvdt  of  heated  gases  121  feot;  height  of  chimney  41  feet. 


Before  commencing  this  trial,  the  flues  had  all  been  thor- 
t>ugh]y  swept,  and  ttie  boiler  emptied,  cleansed,  and 
refilled. 

Commenced  firing;  ^th  dampen  open;  water  0.3  inch  be- 
low normal  level. 

Water  at  normal  level. 

Wood  consumed^  387  lbs.;  steam  at  equilibrium;  com- 

*  menced  charging  with  coal;  lower  damper  closed;  nfpet 
set  at  16  inches;  steam  blows  oflfat  8A.  45m.  a.  m. 


Much  smoke  from  chimney. 


Smoke  40  aeconds  in  reaching  chimney  top. 
Placed  28  lbs.  of  this  coal  in  drying  apparatus. 
Filled  tank  at  bh.  30m.  p.  m. 
Contents  of  ash  pit  thrown  on  grate. 

Some  fire  on  grate  this  moming. 
Water  in  boiler  adjusted. 


RESIDUA. 


Clinker 
Ashes 

Ashes  behind  bridge 

Total  clinker  and  ashes 
Deduct  wood  ashes 

Total  waste  firom  coal  % 
'Ccke 


Pounds. 
46.75 
53.50 
10.25 

110.50 
0.119 

110.381 
7.25 
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TABLE  CXXXIX.— 
Second  trial — u/^er  damper  6 


Dito. 


MajlO 


May  11 


Hour. 


h»  HI. 
A,  X. 

6.80 
8.26 
8.40 


9.16 
10.06 

l(i.40 

11.00 

11.30 

11.60 

p.  X. 

0.30 

1.30 

2.10 

2.60 

3.30 

4.10 

6.00 

6.26 
6.00 

A.  W. 

6.20 
7.00 


TBifPXRATcrmxs  or  ths 


66 
66 
66 


66 
66 

56 
66.6 
67 
67 

66.6 

66 

66 

66.6 

66.6 

64 

66 

56 
65 


52.6 
52.6 


bo  «S 

■|i 


260 
260 
256 


280 
320 
350 
360 

380 
896 
400 
400 
400 
410 
415 

410 
420 


210 


192 
234 
236 


280 
298 

282 
292 
302 
302 

314 
314 
322 
328 
320 
3r8 
312 

310 
310 


188 


.2 
I 


66 
65 
65 


66 
66 

66 
65 
66 
65 

62 
62 
62 
62 
62 
63 
62 

62 
61 


60 
60 


I 


OQ 


206 
226 
227 


229 
230 

230 
230 
230 
231 

230 
230 
230 
230 
230 
230 
230 

230 
230 


219 
204 


30.14 
30.14 
30.14 


30.14 
30.14 

« 
30.16 
30.16 
30.16 
30.14 

30.12 
30.16 
30.13 
30.13 
30.13 
30.12 
30.12 

30.12 
30.12 


■a 


0.169 
0.176 


30.16 
30.16 


0.190 
0.193 

0.193 
0.193 
0.194 
0.195 

0.196 
0.191 
0.189 
0.195 
0.197 
0.193 
0.190 

0.193 
0.190 


9.00 
8.82 


0.073 


8.69 
8.66 

8.66 
8.66 
8.65 
8.64 

8.64 
8.68 
8.70 
8.64 
8.62 
8.66 
8.i;9 

8.66 
8.70 


9.86 


a 

o 


0.18 
0.18 
0.18 

0.20 
0i20 


0.20 
0.20 
0.20 
0.20 

0.22 
0.32 
0.22 
0.22 
0.21 
0.22 
0.21 

0.22 
0.20 


0.10 


9 


^.2 


^-2 
1^ 


330 
670 


910 
1240 
1410 
1660 

2066 
2646 
3160 
3490 
3730 
4316 
4760 

4986 
6366 


82.09 


82.00 
83.75 


7020 


86.69 

86.75 

.    I 
91.60 
90.00 
86.50 

w 

103.60 
92.75 

86.25 


Period  of  steady  action,  from  lOA.  5m.  a.  m.  to  6A.  p.  m.— 7A.  55m.;  coal  supplied  to  the 
fiknace^  722.75  Ibe.;  water  to  boiler,  4,695  Ibe.;  water  to  I  of  ooal«  6.496. 
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TIPPECANOE  COAL. 
,  inehea  open  ;  air  plate*  remitted. 


1 

1 

1 

1 
1 

f 

t.efi 

: 

IB4 
199 

—14 

51 
B8 

1499 
1.081 

Ste-m  bagii»  to  Ucm  off;  upper  dampeiMtat  18  iacitM. 

t.io 

10.05 

\ 

SS4 

tes.s 

393 
303 

ssaB 

838 

344 

344.5 

844.6 

366 

360 

355 
365 

Dtunp«r  nduod  U>  IS  bchoi. 

U.OO 
0.00 

0.4S 

i.ao 

S.QO 

4.10 
8.00 

B.OO 

BS 
63 
78 
71 

84 

84 
82 
88 
90 
88 
B3 

80 
80 

1.089 
a.6« 
0.900 
1.987 

1.609 
1.686 
3.00T 
1.361 
0.963 
3.3S4 
1.383 

1,494 
1,786 

Duopet  induced  to  8  iitdiM. 

FiDed  Unk  at  m, 

Dunper  redaod  l»  6  udtet. 

Smoke  29  geeoDdt  in  rMchiag  chiouwr  top, 

Thu  cod  is  almoet  entiral;  b  lump*. 

Not  much  ainake  from  ehioiwy  lo-dajf  nining  Mulj  aU 

d«y, 
FilM  tsDk  at  5A,  40m.  p.  m. 
CoDlanU  of  adi  pit  throvn  aa  gtate. 

'_ 

' 

167.5 

—31 

- 

W«cr  in  boilo  .uljuried. 

Clinker 
AAm 
AdKabohind  bridge   - 


•       W.76 

■       57.50 

9.M 


Totdw 
C«ka 


050 

96.86 
S8.M 
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TABLE  CXL— TIP 

Third  trial — upper  damper  8 


T»F»1TU.E.  OF  tax 

1 

i 

.5 

f 

.E 
1  = 

i-. 

•S 

k 

¥ 

1  ''' 

i 

i 

-S 

1 

i 

D>ie. 

Hooi. 

t    1 

It 

\\ 

•5 

■a 

"3 

s 

I 

1 

o 

a 

« 

X 

a 

;* 

s 

A.  m. 

M»y  la 

5,50  !67.5 

156 

59 

204 

30.03 

0.O9 

7.46  |59 

~  1 

342 

88 

227 

- 

30.06 

0.159 

9,00 

0.20 

- 

- 

8.05  's9.5 

...:J.''.° 

253 

56 

217 

- 

30.06 

0.171 

8.87 

0.2S 
0.30 

80 

91.66 

86.00 

"Wb  ea' 

-  1  145 

306 

"69 

229 

""S 

30.06 

0.1  ss' 

8.74 

9.30  64^ 

-  1   180 

344 

60 

389 

- 

30.06 

0.185 

8.74 

0.18 

670 

89.50 

10.16 'es 

-1  200 

33S 

60 

330 

30.06 

0.181 

8.78 

0.18 

1150 

82.75 

10.56  6» 

-  i  360 

314 

61 

230 

30.06 

0.183 

8.76 

0.19 

1480 

89.21 

11.35  ,69 

-     280 

340 

61 

230 

- 

30.06 

0.185 

8.74 

0.19 

1790 

93.00 

'o.TO  U 

Jsi. 

330 

63 

331 

^ 

30.06 

0.183 

8.76 

0.20 

1875 

_ 

0.45  69 

-  •  350 

342 

62 

231 

30.  Oi 

0.19 

2765 

109.71 

1.40  70 

360 

330 

331 

30,03 

0.179 

8.80 

0.20 

3436 

gi.3i 

S.3i  |70 

390 

338 

63 

S30 

30.03 

0.177 

882 

0.19 

3690 

as,sD 

3.30  ,71.5 

430 

313 

330 

80.01 

0.172 

8.88 

0.18 

4380 

96.71 

4.15  73 

460 

333 

63 

231 

30.00 

0.169 

8.90 

0.18 

488S 

89.09 

5.00  73 

480 

314 

64 

331 

30.00 

0,169 

8,90 

O.IS 

5295 

96.25 

6.30  J73 

490 

310 

64 

230 

30.00 

0.169 

8.90 

0.17 

5515 

6.00  .73  _ 

- 

530 

304 

C2 

330 

- 

39.98 

0.166 

8.94 

0.16 

5680 

90.15 

M^13 

5.40  ,60 

230 

SIO 

64 

220 

20.99 

0.076 

9.83 

0.10 

6080 

6.30  63 

- 

310 

190 

64 

». 

- 

29.99 

~ 

0.10 

7755 

" 

Period  of  aUid;  Mtion,  from  9A.  30m.  a.  m.  to  6i.  Om.  p.  m.—6k.  30in.;  coal  supplied  to  the 
grale,  910.75  lU.;  watei  supplied  to  boiler,  5,110  Iba.;  irater  to  1  of  cod  for  this  period,  &,61. 


PECANOE  qOAL. 

i$wbts  open  ;  ttir  plates  open. 
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1 


I 


n*  III* 


8.05 

9.30 

•  •  •  •  •  .J. « • 

10.15 

10.56 

11.25 


0.40 
1.40 
2.25 
3.20 
4.15 
5.00 

6.00 


I 


-^  a 


s. 


^^ 


2  ®  be 


70,5 


83 
115.5 

132 
191 
211 

241 
281 
390 
.320 
^58.5 
338 
407 
417 
447 


be 

e 


8 

a 


—48 
+  15 

26 

77 
115 


108 

84 

110 

119 
111 
99 
108 
82 
91 
83 
80 
74 


IS 


:3  bo 

sr.3 

I  O  I. 


2^1 


170 
148 


•10 
•16 


0.313 
1.731 


2.031 
1.311 
1.642 

0.386 
3.143 
1.936 
0.901 
1.994 
1.457 
1.448 
1.166 
0.874 


REMAilKS.— Grate  surface  14.113  square  fset;  length*  of 
circuit  of  heated  gases  12 1  feet;  height  of  chimney  41  feet. 


Interior  flues  of  boiler  swept  befu  2  commencing  this  ex- 
periment. 

Commenced  firing;  water  at  normal  level. 

Wood  consumed,  147j^  lb«.;  steam  at  equilibrium;  com- 
menced charging  with  coal. 

Steam  blows  ofl*;  air  plates  opened;  damper  set  at  16  in- 
ches. 


Damper  reduced  to  12  inches. 


Filled  tank;  damper  reduced  to  10  inches. 
Damper  i educed  ^  8  inches. 


Smoke  25  seconds  in  reaching  chimney  top. 
The  coal  consunied  to-day  generally  in  lumps. 
Filled  tank  at  f>h,  45»i. 


Some  fire  remaining  on  grate. 
Water  in  boiler  adjusted. 


RESIDUA. 


Clinker 

CUnker  behind  bridge 

Aabes 

Ashes  behind  bridg^ 

Total  clinker  and  ashes 
Deduct  wood  ashes  - 

Total  waste  of  coal  - 


Pwmdt. 

45.25 
0.31 

51.50' 
3.991 

101.551 
0.453 

101.098 


Coke 


12.27 
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Fourth  trial — upper  damptr  8 
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PECANOE  COAL. 

inehet  open;  air  plat ta  open. 


a 


1 
i 


d 
o 


A*  in. 


•s 


& 


8.16 
9.15 


10.00 

10.50 

11.50 

0.40 
1.35 

2.45 

4.00 

.5.00 

6.00 


I 

"5-1 


21. 
s 

8ii 


.in 


1^ 


as  >   09  .x: 


REM  ARKa-— Grate  rarfaee  14.1 13  square  £eet;  length  of  cir- 
cuit of  heated  gases  121  feet;  height  of  chimney  41  feet 


148 
136 

141 


169 


—16 
—65 

—29 

4-12 

114 


120 
120 

108 

114 

101 

106 

100 

90 

95 

100 

10? 

101 

94 


Interior  flaes  of  boiler  swept  before  commencing  thia  ex- 

periihent. 
Commenced  firing;  water  at  normal  lerel. 
Wood  consumed,   142^  lbs.;   commenced  charging  with 
coal;  steam  at  equilibrium. 
-     I  Upper  damper  set  to  16  inches  at  8A.;  steam  blows  off  at 
I     sA.  15m.  a.  m. 
1.073  I  Damper  reduced  to  12  inches;  thermometer,  which  meas- 
I     ures  temperature  of  air  arriving  at  the  grate,  is  broken; 
I     observations  on  that  subject  are  necessarily  omitted  for  th« 
I     rest  of  the  day. 
1.801  I  Damper  9  inches;  smoke  27  seconds  in  reaching  chimney 

top. 

1.812  I  Damper  at  8  inches. 

1.081    Smoke  27  seconds  in  reaching  chimney  top;  filled  tank  aT 

1.862       lU.  SOm.  a.  m. 


1.569 
2.167 
1.219 
2.225 
1.158 
1.689 
1.291 
2.066 
0.^63 
1.081 


Smoke  27  seconds  in  reaching  chimney  top. 


Except  the  fourth  charge,  the  coal  consumed  in  this 

periment  was  generally  in  lumps. 
Coal  in  drying  apparatus  wdghs  27  lbs.  7}  oz. 
Filled  tank  at  5A.  50m.  a.  m. 
Contents  of  ash  pit  throvm  on  grate. 


Water  in  boiler  adjusted. 


RESIDUA. 


Chnker 

Ashes  -  -  . 

Ashes  firom  behind  bridge      » 


Total  clinker  and  aihes 
Deduct  wood  ashea 

Total  waste  firom  coal 

Ceke 


49.69 
46.26 
3.884 

99.884 
0.486 

98.888 

t  7.888 


Soot 


40.75 
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TABLE  CXLII.— TIP 
Fifth  trial — upptr  damper  8  inches  upenf  air  plates  open 


41T 
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PECANQE  COAL. 


steam  thrown  into  chimney,  and  small  furnace  in  action. 


a 


A    m. 


8.12 

6.40 
9.16 


9.50 
10.22 
11.00 

i  1.3.5 
0.19 


9 
o 


^ 


18.1 

27.6 
26.2 
27.9 
29.7 

29.7 
29.5 


31  3 
29.5 
26.4 

25.3 
25.3 
23.0 


o 

9 

e 

o 
c 
S 

:5 


bo 


■Si 


•5 


50 

59 
70 


72 
81 

96 
114 
133 

148 

160 
173 


I 

S 


e  ^ 
2  to 


5  E-^ 


S 


J 
I  • 

Mi 


2  §  :2  o  ^ 


H-50 
7 

24 

72 


81 
81 
70 
89 

88 
84 


184 
192 
192.5 

192 
186 
177 


101 
58 
64 

29 
16 

-  4 


REMARKS.  ^Grate  gur&ce  14.07  square  feet;  length  of  cir- 
cuit of  heated  gases  121  feet;  height  of  ohunney  63  feet. 


2.7)8 
1.631 


2.204 
3.996 

2  702 
1.871 

3  6141 
2.381 


3.195 
1.166 
0.413 


0.863 
0.230 


Commenced  fving  at  5 A.  27/71.;  water  then  0.98  inch  bo- 
low  nonnal  level. 

Wood  tonsomed,  406  lbs.;  commenced  chaining  wtlh 
coal;  ste-im  blows  off  at  %k.  16m. 

Air  plates  opened  at  8A,.  AQm, 

Steam  allowed  to  escape  Iron  badi  valve;  damper  reduoed 
to  8  inche<». 


Filled  tank  at  \\h.  .'^Om.;  eommenced  drawing  gases  at 
llA  36/n. ;  drew  i^36  minutes  100  cubic  inches,  which 
gave  water  1  06  grain,  carbonic  acid  6/04  grains^  and 
oxygen  8.75  cubic  inches;  temperature  of  bath  44^. 

Air  plates  closed, -and  contents  of  ash  pit  thrown  on  gnie. 

Reduced  damper  to  4  inches. 

FUled  tank. 

Adjusted  water. to  the  proper  level;  double  weighted  tho 
safety  valves,  but  the  pressure  docs  not  rise.  Experi- 
ment concluded. 


RESIDUA. 


Clinker 
A»hes 

Ashes  behind  bridge 


Dedact  wood  ashes 

Total  waste  from  coal  - 
Coke  . 

Soot    - 


"  38.26 
-  40.00 

-    d.s6 


71.60 

-  1.346 

-  70.264 

-  7.66 

.     3.36 


27 
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TABLE  CXLIIL— DEDUCTIONS  FUOM 

Experiments  an 


1 

8 
4 

« 

7- 

8 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 

10 

20 

SI. 

S2 

23 

34 

25 

27. 

28 

2^ 

30 

31 

32 

33 

34 

35 

36 

37 

38 

30^ 

40 

41 

42' 


43 

44 

46 
46 

47 


Nature  of  &e  date  fiimiiked  by  the  reapectiTe  teblea. 


Total  duration  of  the  experiment,  in  boon 

Duration  of  steady  action,  in  houn  ... 

Area  of  g;rate,  in  square  feet        .  .  .  . 

Ana  of  heated  sur&ce  of  boiler,  in  square  feet 
Aiea  of  boiler  exposed  to  direct  radiation,  in  square  feet    - 
Number  of  charges  of  coal  supplied  to  gyrate 
Total  weight  of  coal  supplied  to  grate,  in  pounds  - 
Pounds  of  coal  actually  consumed  ... 

Pounds  of  coal  withdrawn  and  separated  after  trial 
Mean  weight,  in  pounds,  of  one  cubic  foot  of  coal 
Pounds  of  coal  supplied  per  hour,'  during  steady  action     - 
Pounds  of  coal  per  square  foot  of  grate  sur&ee,  per  hour  - 
Total  waste,  ashes  and  clinker,  from  1 00  pounds  of  coal  - 
Pounds  of  clinker  alone,  from  100  poBnds  of  coal  - 
Ratio  of  clinker  to  the  total  waste,  per  cent 
Total  pounds  of  water  supplied  to  the  boiler 
Mean  temperature  of  water,  in  degrees  Fahrenheit 
Pounds  of  water  supplied  at  the  end  of  experiment,  to  re- 
store lerel        ------ 

Deduction  for  temperature  of  water  supplied  at  the  end  of 

experiment,  in  pounds  -  - 

Pounds  of  water  evaporated  per  hour,  daring  steady  action 
Cubic  feet  of  water  per  hour,  during  steady  action 
Pounds  of  water  per  square  foot  of  heated  surface  per  hour, 
by  one  calculation        ..... 

Poinds  of  water  per  square  foot,  by  a  mean  of  several  ob- 
servations        ..---- 

Water  evaporated  by  1  of  coal,  from  initial  temperature  (a) 
final  result       ...... 

Water  evaporated  by  1  of  coal,  firom  initial  temperature  (b) 
during  steady  action     -  -  .  .  . 

Pounds  of  fuel  evaporating  one  cubic  foot  of  water 
Mean  temperature  of  air  eatering  below  ash  pit,  during 
steady  pressure  .  .  -  .  - 

Mean  temp,  of  wet  bulb  thermom.,  during  steady  pressure 
Mean  tempepature  of  air,  on  arriving  at  the  grate  - 
Mean  temperature  of  gases,  when  arriving  at  the  chimney  - 
Mean  temperature  of  steam  in  the  boiler   .  -  . 

Mean  temperature  of  attached  thermometer 
Mean  height  of  barometer,  in  inches        .  -  . 

Mean  number  of  volunies  of  air  in  manometer    -  - 
Mean  height  of  mercury  in  manometer,  in  atmospheres     - 
Mean  height  of  water  in  syphon  draught  gauge,  in  inches  - 
Mean  temperature  of  dew  point,  by  calculation 
Mean  gain  of  temperature  by  the  air,  before  reaching  grate 
Mean  dilTcrence  between  steam  and  escaping  gases 
Water  to  1  of  coal,  corrected  for  temp,  of  water  in  cistern 
Water  to  1  of  coal,  from  212^,  corrected  for  temperature  of 
water  in  cistern  -  -  -  -  - 

Pounds  of  water,  from  212^,  to  1  cubic  foot  of  coal 


Water,  from  212^,  to  1  pound  of  combustible  matter  of  the 

fuel 

Mean  pressure,  in  atmospheres,  above  a  vacuum  - 
Mean  pressure,  in  pounds  per  square  inch,  aboire  atmosphere 
Condition  of  the  air  plates  at  the  furnace  bridge    - 
Inches  opening  of  dmnper,  (If.  upper)    » - - 


1.265 


5.637 


IftTrisL 
(T.CXXXVffl!) 

tdTriaL 
(T.  CXXXIX.> 

May  9. 
24.75 

May  10. 
23.833 

8.166 

7.916 

16.25  , 

16.25 

377.5 

877.5 

21.66 

21.65 

12.0 

11.0 

1075.0 

970.5 

1067.75 

948.6 

7.25 

22.0 

44.7^1 

44.113 

100.171 

91.302 

6.164 

5.616 

10.237 

10.147 

4.3315 

3.1207 

41.855 

30.758 

6270.0 

702<>.0 

66«».2 

62«.l 

1790.0 

1275.0 

251.0 

183.0 

476.8 

593.1 

7.628 

9.489 

1.263 

1.671 

7.1904 
1.4107 
6.065!( 

Removed. 

U.      12 


1.614 


7.806 


4.7604 

6.496, 

11.087 

8.6709 

62^71 

55<».8 

38r».5 

380O.0 

244<'.83 

306«».93 

230«».12 

230^.0 

60^.0 

53«.0 

30.075 

30.128 

8.807 

8.663 

0.1785 

0.193 

0.1909 

0.2107 

324<>.79 

324'^.  2 

140.71 

76^.93 

5.654 

7.208 

6.4543 

8.2677 

289.09 

364.27 

9.1902 
1.4287 
6.3316 
Removed. 
U.      6 
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9d  Trial. 
Table  CJLL.) 

t4.B6 
8.6 

14.118 
877.6 
•  18.79 
18.0 
1177.76 
1165.48 
13.27 
46.898 
107  147 
7.6^2^ 
8.074 
3.934 
46.861 
V786.0 
«l«.9 

1676.0 

236.0 
601.176 
9.018 

1.6926 

1.624 

6.4614 

6.01 
0.0078 

69<^.71 

840«>.79 
326*.0. 
236*'.21 
67<>.0 
30  081 
8.82 
0.177 
0.1833 

2770.O8 
96«.79 

6.4614 
7.w9t 
384.70 


•    4thTriat. 
(Table  CXU.) 


8.0929 
1.4242 
0.2068 

Omd. 

V.    8 


5th  Trial. 
(Table  CJOJL) 


May  13. 
26.6 
8.0 

14.113 
377.6 
18.79 
11.0 
992.26 
986  02 
7.23 
45. 102 
91.376 
6.474 
10.089 
5.0232 
50.036 
7320.0 
64<».2 

1685.0 

231.0 
6904) 
9.44 


1.562 

1.646 

7.1968 

6.467 
8.6844 

72<».67   ^f 


328^.47 
230^.0 
70°.0 
29.959 
8.866 
0.174 
0. 1846 


98«.47 

7.1968 
8.2309 
371.23 


9.1494 
1.4282 
6.261 

Open. 

U.     8 


Nov.  14. 
10.26 
3.066 
14.07 
877.6 
18.75 
8.1 
746.6 
739.0 
7.6 
45.987 
154.762 
10.999 
9.6196 
3.7602 
39.50 
631 7:0 
40<>.7 

0.0 

0.0 
1066.869 
16.937 

2.799 

2.795 

7.2046 

6.829 
8.6715 

46M4 
48«.86 

304^.66 
229^91 
42<>.73 
30.321 
4.896 
0.569 
0.3966 
27^.79 
140^68  . 
74^.64 

7.2046 
8.4086 
301.78 


ATenf^es. 


11:25 
45.058 
108.951 
7.8094 
9.7283 
4.0899 
41.499 


06a687 
10.6224 

1.7675 


6.7395 

6.0306 
9.3000 


3260.25 
302M5 


0.2312 

266<>.66 
72M1 

•     6.7429 
7.7486 
350.28 


9.2932 
1.4481 
0.6447 

Open. 

U.    8 


Beourka. 


The  fifth  trial  needed  no  water  to  be 
added  to  restore  level  at  the  end  of 
the  experiment,  whidi  was  began 
and  concluded  oh  the  same  da^r* 


8.6832 

1.426 

0.2916 


The  fifth  trial.  It  wU>  be  obeervQcl, 
was  made  at  a  tune  when  the  bulk 
of  air  in  the  manometer  had  un- 
dergone the  last  dimimition  te 
which  it  was  subjeded  during  the 
experiments. 


In  its  variableness  of  efficiency  at  the 
diffsvent  trials,  as  well  as  in  many 
other  circumstances,  this  coal  bears 

-"^-Wkmi  i^Aiblanoe  to' that  of 
Clover  Hilk^     ..  •      v 

If  the  first  trial  be  exchided,  the  av- 
erage of  the  rest  will  be  8.98 14. 
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No.  9. 

Bituminous  iscreened  coal  from  the  mines  of  the  Midlothian  Coat  Com* 

pany^e  **  new  shafty*  Virginia. 

For  information  relative  to  the  origin  of  this  cbal,  I  relied  on  the  mark- 
ings of  the  casks  which  contained  it,  and  which  purported  that  it  came 
from  a  ^^  new  akafi^^  in  the  company's  works,  from  700  to  800  feet  deep. 
It  was  received  and  used  in  the  lump  form,  which  it  retained  with  consid- 
erable force.  Its  fresh  fractures  present  a  shining  black  resinous,  scarcely 
conchoidal  aspect,  with  distinct  lines  of  the  laminae  of  deposition.  It  is 
mostly  free  from  incrustations  of  earthy  matter,  but  occasionally  presents 
some  shaly  or  pyritous  portions. 

'The  powder  is  of  a  light  brown,  indicating  a  pretty  high  degree  of  bitu- 
minousness;  and  its  streak  is  nearly  of  the  same  color. 

The  specific  gravity  of  two  specimens  (a  and  b)  was  found  to  be  1.3495 
and  1.3006,  respectively;  the  mean  of  which  affords  by  calculation  the 
weight  of  1  cubic  foot  of  the  coal  in  the  solid  state=82.43  pounds. 

By  thirty-one  trials  in  the  charge  box,  tha  mean  weight  per  cubic  fod 
was  ascertained  to  be  47899  pounds — the  lowest  result  being  42,75, and 
the  highest  54.125.  Hence  the  actual  is  to  the  calculated  weight  as  0.5811 
to  1. 

The  space  required  for  the  stowage  of  one  gross  ton  is  46.769  cubic  feet. 

In  the  analysis  of  specimen  Oj  the  moisture  was  found  to  be  0.74  per 
cent.,  and  that  of  b  0  914  per  cent.  In  the  steam  drying  apparatus,  88 
pounds  lost  in  three  days  only  3  ounces,  or  0.6696  per  cenL 

The  sulphur  in  b  was  2.282  per  cent. 

Of  volatile  matter,  other  than  moisture,  a  had  34.72,  and  b  31.556  per 
cent. 

The  coking  took  place  with  the  eniission  of  a  beautiful  bright  flame. 
This  indicated  a  large  proportion  of  olefiant  gas,  and  the  absence  of  car- 
bonic acid,  or  other  incombustible  gaseous  matter.  Two  specimens  tried 
by  Dr.  King  gdve  a  mean  of  35.75  per  cent,  of  volatile  matter,  including 
moisture. 

The  incineration  of  a  produced  9.549,  and  that  of  ^  5.48  per  cent,  of  the 
raw  c.oaL     Hence,  the  composition  of  the  two  may  be  thus  represented : 

Moisture 

Sulphur  - 

Volatile  combustible 

Earthy  matter    .  -  - 

Fixed  carbon     - 


op6cimeii  a. 

SpeouMQi. 

0.740 

0.914, 

(not  tried.) 

2.289 

34,720 

29.274 

9.549 

5.480 

54.^91 

62.050 

100. 

100. 

Volatile  to  fixed  combnadble      -    1 : 1.584  1  : 1.9M 

The  q.aantity  of  coiU  burned  during  the  three  trials  of  evaporative  effsot 
was  2,918.5  poonda. 
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Thi^^ waste  ^matter  withdrawn  consisted  of— 

'A^hesy  including  1.932  pound  of  wood  ashes     -    175.25  pounds. 
Glinker  -  -  -  -  -    120.25      « 

'Shot       -  -    •        -  .  -  -      14.00      <* 

The  ashes  lost  by  reincineration  '  -  -      16.18  per  cent. 

The  clinker       .  .  -  -  .        0.00      <« 

The  sooi  •  .  .  •  •      66.75      «^ 

Redocing  the  ashes  and  soot  in  these  proportions,  and  deducting  the 
woodashesy  we  have  left  277.4 — 1.932=275.473  pounds  of  absolutely  in- 
combustible matter,  or  9.44  per  cent,  of  the  coal  consumed.  The  trials  in 
the  ku^e  way  show  this  coal  to  consist  of — 

Moisture,  from  28  pounds      ....  0.6696 

Other  volatile  matter,  from  four  specimens     -           -  33.4904 

ESarthy  residuum,  from  2,918.5  pounds           -            -  9.4400 

Fixed  carbon,  by  difference    -            -            -            .  56.4000 

100. 


The  volatile  is,  thecefore,  to  the  fixed  combustible  as  1 : 1.684. 

The  weight  per  cubic  foot  of  the 

Ashes,  was  ....  -    56.65  pounds. 

Clinker    -  -  -  -  -  -    30.12      " 

Soot         ......      5.46      « 

The  ciipker  is  brown  on  the  outside ;  but  on  the  fractured  surfaces  blaok, 
very  compact,  and  heavy  ;  in  sheets  of  considerable  extent,  manifestly  very  ^ 
.  fusible,  and  tending  to  adhere  to  the  grate.    The  highly  ferruginous  char- 
acter which  it  presents,  is  in  accordance  with  the  large  amount  of  sulphur 
which  was  detected  in  one  of  the  specimens  above  analyzed. 
The  shaly  portions  embraced  in  the  vitrified  clinker  are  nearly  obscured 
<  by  the  fusible  coating  which  encloses  them, 
k  A  portion  of  the  specimen  6,  above  analyzed,  was  subjected  to  treatment 

I  with  the  oxide  of  copper  :  4.57  grains  were  thoroughly  dried  ;  and  the  re-'' 

I  suU  of  their  treatment,  with  all  the  precautions  required  by  the  experi- 

.  xneDt,  was  of  water  2.23,  and  carbonic  acid  14.82  grains. 

The  earthy  matter  of  the  raw  coal  having  been  determined,  as  also  the 
moisture,  by  previous  experiments  already  detailed,  it  is  easy  to  calculiite 
the  weight  of  earthy  matter  in  4.57  grains  of  driedconl  to  be  0.25274  grain, 
which  leaves  of  combustible  matter  4.31726  grains;  the  hydrogen,  by 
analysis,  is  0.24777,  the  carbon  4.04182  grains;  leaving  for  oxygen  and 
azote  only  0.02767,  or  the  relation  of  these  three  to  their  sum  ii 


Cart>on  -  -        ifflU  =  93.6200  =  15.60  C.  in  atoms. 

Hydjcogen      -  -        IrffjjJ  «=   5.7391  «=   5.74  H.        « 

Oxygen  and  aaote     -        ftMHi  =*   0.6^09  =   080  O.         " 

100. 

1    iiir      ji. 
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In  the  raw  coal,  this  analysis  enable^  me  to  state  that  the  ifigr8cli#iit8fie 

Moisture             -           ,-            •                        •            '  ^^H 

Carbon  -            -            -            -                         -            .  87,ea4 

Hydrogen           -            -            -                        .           .  5^7? 

Oxygen  and  azote           -            •            •            .            .  0.600 

Earthy  matter    ------  5.480 

100. 


That  the  relative  amounts  of  carbon  and  hydrogen  were  correolly  deter- 
mined in  the  preceding  analysis,  was  rendered  highly  probable  by  the  result 
of  another  trial,  in  which  the  apparatus  became  injured  before  the  com- 
bustion was  complete ;  but  the  ratio  of  the  two  products  to  each  other  was 
very  nearly  the  same  as  in  the  preceding  trial :  The  carbon  was  1,2736 
grain,  against  hydrogen  0.07222  grain.  As'the  sum  of  the  hydrogen  and 
oxygen  is  5.972  per  cent.,  and  that  of  sulphur  2.282,  it  is  inferred  that,  in 
the  volatile  matter  produced  by  the  distillation  of  this  coal,  there  will  be 
found  29.274 — 5.972=23.302  per  cent,  of  its  carbon.  If  the  heating  power 
be  calculated  from  the  above  analysis  by  the  organic  method,  without  tak- 
ing account  of  the  sulphur,  and  only  deducting  of  the  hydrogen  so  much  as 
is  equivalent  to  the  oxygen  present,  we  have  the  calorific  power  expressed 
by  14,596  ;*  or  in  pounds  of  water  from  212°,  for  1  of  coal,  14.171.  This 
is  far  above  the  actual  result  of  experiment.  The  highest  evaporative 
power,  even  when  allowance  was  made  for  the  heat  expended  on  the  pro- 
ducts of  combustion,  as  well  as  for  that  employed  on  the  steam  of  the  boUer, 
was  but  10  1915.  This  will  be  evident  from  an  inspection  of  the  table  of 
analyses  of  gases  from  the  chimney.    (See  table  CXCl  V.) 

A  trial  of  specimen  b  by  the  oxide  of  lead  gave  25.084  times  its  weight 
in  metallic  lead.  Deducting  earthy  matter  and  moisture,  this  gives  for  1  of 
combustible  matter  26.797. 

In  both  the  chain  and  anchor  shops,  the  action  of  this  coal  was  entirely 
Sftti^aotory.  It  was  tried  near  the  end  of  the  season,  and  was  pronounced 
by  the  workmen  (now  accustomed  to  observe  carefully  the  action  of  each 
poal)  to  be  one  of  the  best,  both  for  large  and  small  fires,  which  they  had 
tiied. 

The  characters  already  detailed  are  sufficient  to  indicate  its  fitness  for 
domestic  purposes.  It  ignites  rapidly,  having  required,  on  an  average, 
only  0.906  hour  to  bring  the  boiler  to  steady  action.  It  bums  with  along, 
ideiise,  deep-red  flame — agglutinating  when  first  thrown  on  the  grate  iolo 

*  Thiw  4he  carbon  is  0.87634  of  the  ooal,  (cpniidering  all  that  waa  oallaoted  in  tfao  polaah  tabe 
aa  carbonic  acid;)  and  this  multiplied  by  12^906,  (Dulong:'8  result  for  the  heating  jKi^^er  of- car- 
bon,)  we  hare  11,284  for  the  computed  heating  power  o?  the  carbon  in  the  coal.  This  diyvM 
by  1,030  givea  the  steam  generating  power  to  1  of  coal— 10.965.  Deducting  i  of  O.SOO  (the  oxy- 
gen) from  5.37S,  we  get  6.297;  and,  multiplying  by  62,636,  (the  heating  power  of  hydrogen,) 
we  dbtain  3.312;  and  the  sum  of  these  is  14,696,  as  above.  By  deducting  the  moisture  (0.6696 
per  cent,^  and  tho  umatt  left  in  die  third  trial  of  this  coal,  (10.397  per  cent,)  wehavethe  remain- 
der 88^83  per  cent  of  oombuatifale  jnatter^  by  which  the  total  evaporative  ofieet  10.1919  moA 
have  been  produced.  Hence  l0.19I5ri-0-88933'-11.460->the  evaporative  power  of  the  unit 
of  tnattoraetaally  homed  in  that  experinient  .  Again:  as  in  the  sample  analyt»d,  die  eombuMk 
part  ia  0.87634+0.06372+0.00600.0.93606,  the  earbm  is  0.87634.^.93606.0.9362  of  Ihat 
eombustible;  and  0.9362X  12906.T90S8,  the  AeoA^/MNoer  of  the  carbon  in  1  of  this  combustible; 
aii4>^ilaally,  12083.^  1030««  1 1. 731 — its  evaporative  power. 
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a  rather  ^lid,  moderately  intnniescent  mass,  requiring  some  effort  to  break 
it  up.  Whien  thoroughly  ignited^  it  still  retains  sufficient  size  to  prevent 
much  waste 'through  the  grate.  The  average  weight  of  unburnt  coke  left 
on  the  grate  after  each  trial  was  17.083  pounds. 

On  the  subiect  of  the  pressures  maintained  in  the  course  of  these  lexperi- 
m€nts,  I  would  remark,  that  in  several  instances  it  became  necessary  to  in- 
crease the  ordinary  weights  on  the  safety  valves^  to  prevent  foaming,  and 
especially  to  equalize  the  discharge  of  steam  from  the  two.  This  was  done 
by  small  additions  placed  upon  the  principal  weights,  and  which  were  va- 
ried from  time  to  time,  as  the  action  of  the  boiler  seemed  to  demand.'  Whea 
a  strong  west  or  northwest  wind  aided  the  draught,  a  larger  portion  of 
steam  was  permitted  to  escape  at  the  back  valve,  and  the  front  one  was 
loaded.  If,  on  the  other  hand,  the  gauge  for  draught  indicated  a  defi- 
ciency, the  front  valve  was  relieved,  and  more  steam  allowed  to  pass  into 
the  chimney. 

In  regard  to  the  observations  of  temperature  of  steam  in  the'boiler,  it  was 
found  necessary  frequently  to  attend  to  the  thermometer  inserted  in  it,  lest, 
by  the  slow  evaporation  of  mercury,  which  takes  place  at  degrees^  below 
the  boiling  point  of  that  metal,  some  portions  should  become  lodged  in  the 
upper  part  of  the  tube.  The  vapor,  being  invisible,  lodges  for  a  time  in  so 
fine  globules  on  the  interior  of  the  glass,  as  not  to  attract  attention.  Oa 
revershig  the  instrument,  however,  and  gathering  all  the  dispersed  portions^ 
the  total  length  of  the  column  may  sometimes  be  found  increased  from  1 
or  2  to  4  or  5  degrees.  In  some  of  the  earlier  experiments,  it  Will  be  ob- 
served that  the  temperature  of  steam  in  the  boiler  ranged  as  low  as  289, 
or  even  228  degrees,  while  the  average  is  from  230  to  231  degrees.  It  will 
be  seen  that,  during  the  trials  of  this  coal,  the  temperatures  and  pressures 
were  maintained  with  tolerable  uniformity  throughout.  This  will  appear 
from  table  CXLVII.  The  first  thermometer  had  a  range  rather  k^er  thaa 
that  which  was  employed  at  a  later  period  of  the  research.  The  error  was 
irom  1  i  to  2  degrees. 
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TABLE  CXLIV.—MIDLO 
Finl  trial — upper  damper  8  inclM  open  ;iair  plaiet  open  ; 
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t 

tttam  thrown  into  chimney,  and  small  furnace  in  action. 


I  see  2 
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n<  fl%m 
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9.S0 


10.10 
10.40 


11.50 

0.35 
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2.33 
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67.1 
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58.1 

57.5 
59.9 
61.1 
60.6 

60.6 
53.3 
62.3 
61.8 

60.6 
61.1 

61.1 
68.8 


64 


73 
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Ml 


bo 


sr 


Mi 


-14 
12 


69.6 
62.3 

689 

57.8 


92 

106 
129 
142 
159 

170 
180 
197 
202 

205 
210 

220 
222 


REMARKS— 4Si»te  foxftoe  14.07  mpxtn  Unat;  It^gfk  of 
circuit  of  h«at«d  gMes  121  feet;  height  of  chimney  Oaleet. 


229 


236 


120 
111.6 


-H2 

80 
60 
67 
68 

73 

81 
60 
64 

74 
92 

80 
"    90 


63 

50 

22 
31 


2.495 

3.083 

2.172 
2.659 
2.188 
2.077 

2.714 
2.236 
2.675 
1.838 

2.236 
2.156 

2.659 
2.188 


Morning  cloudy;  wind  NE*,   light;  conmiQiced  firings 

water  1.23  indi  below  nonnal  level. 
Wood  consumed,  389}  lbs.;  commenced  charging  with 

coal. 
Steam  allowed  to  escape  at  8A.  20m. ;  air  platea  opene<f^ 

and  dandier  set  at  8  inches  at  8A.  50m. 


WindSE. 

Sun  shining;  filled  tenk  ttt  lOA.  66m. 
Wind  E.^  brisk;  cloudy. 


1.616 


Placed  28  pounds  of  Ihis  coal  in  .  the  -drying    appar*- 

tus. 
The  ooid  burned  in  this  ezpeiiment  chiefly  in  Jumps. 
Smoke   19  seconds    in  rearhing    chinmey  top;    syphon 

0.34. 
Smoke  at  chimney  top  to-day  aitor  charging  and  stoking,. 

but  not  dense  or  long  continued;  filled  tank  at  3A.  40m. 

Air  plates  closed;  damper  «t  4  inches;  contents  of  ash  pit 

thrown  on  grate. 
Water  left  at  0.3  inch  above  normil  level. 

Water  1.6  inch  below  normal  level. 
Water  in  boiler  adjusted. 


RESIDUA. 


Cainkfsr      - 

Ashes 

Ashes  behind  bridge 

Bedoci  wood  ashes 


Told 


firom  coal 


PotsrtA. 
43.00 
62.00 
3.00 

98.00 
1.186^ 

96.814 


Coke 


12.76 
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TABLE  CXLV— MIDLO 
Second  trial— <upper  damper  S  <RcAe«  open ;  air  plates  closed ; 
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sleam  thrown  into  chimney,  and  small  Jumaeedn  attion. 
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REMARKS — Grate  mrface  U.07.6fDBre  feet)  length  tf 
circuit  of  heated  gases  131  feet;  height  ef  chimiiey  63  feet. 


3.195 
3.623 
2.119 
3.301 


Monung  ctouity;  Wind  KE.,  brink;  oommoieed  firing; 

water  at  0.6  inch  below  normal  level. 
Wood  consmned,  lU^  lbs. ;  commenced  Jnrging  witti  ooal; 

upper  damper  8  inches. 
Steam  blows  off  at  7h.  30m.  a.  ra. ;  raining  at  8A.  15m.  a.  nu 


78 

94     1.489 


60 
94 
84 
93  \ 
92 

91 


72 

63 
30 

—82 
—30 


2.776 
8.062 
2.172 
8.116 
2.278 
1.536 


1.748 
0.758 


Continues  to  rain;  water  in  boiler  much  agHited. 

Commenced  drawing  gases  at  9A.  45m.  a«  m.;  drew  in 
44  minutes  100  cubic  inches,  which  g«^  water  0.44 

•  grain,  carbonic  acid  5.10  grains^  oxjg^  12.777  cubio 
inches.  ' 

Filled  tank  at  llh.  38m.  a.  ra. ;  commenced  drawing  gases 
again  at  1  lA.  S8m.  a.  m.^  drew  in  38  minutes  100  c«bie 
inches,  which  gave  water  0.60  grain,  carboniQ  add  5.56 
grains,  and  oxygen  8.386  cufaie  inches;  wind  E.,  briak; 
continues  to  rain.  • 


Clinker- adheres  slightly  to  grate. 

Contents  of  ash  pit  thrown  on  grate  at-^A.  5m.  p«  m. ;  filled, 
tank  at  3A.  25m.  p.  m. 

The  smoke  firora  chimney  to«day  about  ihe  same  as  yes- 
terday. 

Damper  reduced  to  4  inches. 

Water  in  boiler  left  at  normal  leveK  • 

« 

Water  1.97  inch  below  normal  leveli  bcistefoas  momiaf* 
Water  in  boiler  adjusted. 


Ashes  behind  bridge 

T«tal  dinker  and  ashes 
IMoct  wood  ashes  . 


PauadtJ. 
-1^49.00 


Total  waste  firom  coal 


92.6#S 
14.26 
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TABLE  CXLVI.— male 

Third  trial — tipper  damper  4  inches  open ;  air 
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Period  of  itMd;  KtiDii,  from  8A.  SOm.  a.  m.  to  6li.  10m,  p.  m.  .  QA.  40ni.;  Cod  i^fM"  J 
..fnta  in  ttwt  lilM,  8BG.76ItM.;  witei  wppUed  to  tMiln  in  thit  tuiw,  6,694  Ibi,;  «4lor  to  l^rf-*^ 
7467.  J 
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plates  open;  steam  escaping  fnom  both  valves. 
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0.776 

0.675 

1.791 
1.785 
1.346 
1.849 
1.324 
2.050 

1.791 

1.781 
2.628 
2.215 
2.216 
1.663 
1.621 
1.865 
1.261 
2.183 
1.324 

2.129 


2.215 
1.293 


REMARKS.— Grate  surface  14.07sqaarefeet{  length  of  cir- 
cuit of  heated  gases  12 1  feeM  height  of  chimuey  63  feet 


Morning  cloudy;  wind  SB.,  strongt  oomnMiiGed  Mngi 

water  0. 55  iiich  below  normal  level.       x 
Commenced  charging  with  coal;  woodtoosuned^  1 10^  Hm. 
Steam  blows  oit 

Air  plates  opened;  damper  reduced  to  4  inches)  ran  shiaiig* 

AtBA.  50m.  a  m.  wind  8W.,  brisk- 

Fire  out  of  small  furnace^  and  its  damper  closed. 


Filled  tank  at  11  A.  22m.  a.  m. 


Commenced  drawing  gases  at  0^  4m.  p.  m.,  drew  in  80 
minutes  100  cubic  inches,  which  gave  water  0.69  grain, 
carbonic  acid  4.29  grains,  oxygm  18.93  cubic  inches. 
Lower  dampen-  open  whilst  drawing  gases)  weather  vari- 
able; wind  8  W. ,  brisk. 
Fire  rekindled  in  small  furnace.  ^ 

Smoke  22  seconds  in  reaching  chimney  topt^dear)  whid 
8W.,  brisk.  • 


Afternoon  continues  clear;  wind  brisk,  8. ;  filM  tank  «t 

5A.  18m.  p.  m. 
Commenced  drawing  gases  through  lower  flue  at  bh.  14m. 

p.  m.;  drew  in-28  minutes  100  cubic  inches,  which  ga(f« 

water  0.7  grain,  carbonic  acid  4.66  graiiis;  oxygen  12.381 

cubic  inches. 
Air  plates  dosed,  and  contents  of  ash  pit  thrown  on  gnls. 

Water  left  I  inch  aborve  normal  level.         * 

Water  found  1.8  inch  bebw  normal  kveL' 
Water  in  boiler  adjusted. 


RB8I0UA. 


loka    - 

dies  behind  bridge 

)<U  adies  and  clinker 
!<kictwood  ashes 

itil  WMie  from  coal 


M 


40.  d6 

67.26 

8.00 

iiiuo 

0.38ft 

.  24.26 
14.00 
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TABLE  CXLVIL— DEWJCTIONJ 


Nature  of  the  data  lurnuhed  bj  the  reapectiTe  tables. 


lat  Trial. 
(To.  CXLIV,) 


1 

2 
3 
4 
6 
6 
7 
8 

10 
11 
32 
13 
14 
15 
16 
17 
18 
19 

20 
21 
23 

28 
24 
25 

26 
27 

28 
29 
30 
31 
32 
33 
34 
35 
36 
87 
38 
39 
40 
41 

42 
43 
44 
46 
46 
47 


Total  duration  of  the  expenpient,  m  hoora 

Duration  of  steady  action,  in  hours  ... 

Area  of  grate,  in  square  feet  -       .  .  - 

Area  of  heated  sur&ce  of  boiler,  in  square  feet 

AMfe  of  faoikr  exposed  to  diteet  radiation,  in  square  feet 

Number  of  charges  of  coal  supfdied  to  grate 

Total  weight  of  eoal  supplied  to  grata,  tu  pounds    - 

Poupds  01  coal  actually  consumed  --  .  •  . 

Pounds  of  coal  withdrawn  and  separated  after  trial  - 

Mean  wewht,  in  pounds,  of  1  culsc  foot  of  oool 

Pounds  01  coal  supplied  per  hour,  during  steady  action 

Pounds  of  coal  per  square  foot  of  grate  surfeoe,  per  hour     - 

Total  waste,  ashee  and  clinker,  firom  100  pounds  of  coal 

Pounds  of  clinker  alone,  from  100  pounds  of  coal   - 

Ratio  of  clinker  to  ^e  total  waste,  per  cent. 

Total  pounds  of  water  suppUed  to  the  boiler 

Mean  temperature  of  water,  in  degrees  Fahrenheit  - 

Pounds  of  water  suppUed  at  end  of  experiment,  to  restore  level 

Dedudieii  far  temperature  of  water  suppbed  at  the  end  of  ex- 

pennant,  in  pounds        ..... 
Pounds  of  water  evaporated  per  hojir,  during  steady  actbn  - 
Cubic  feet  of  water  per  hour,  during  steady  action  - 
Pounds  of  water  per  square  foot  of  heated  surfeee  per  hour, 

by  one  calculation         "  -  -  ... 

Pounds  of  water  per'sq.  ft.,  by  a  mean  of  aereral  observations 
W%ter  evaporated  by  1  of  coal,  firom  initfal  temp^(a)final  result 
Water  evaporated  by  1  of  coal,  from  initial  temp.,  (b)  during 

steady  action       -----. 
Pounds  of  fuel  evaporating  1  cubic  foot  of  water 
Afeaotdmperature  of*air  entering  bdow  ash  (at,  during  steady 

pressure  ...  ... 

Mean  temp«  of  wet  bulb  thermometer,  during  steady  pressure 

Mea|i  temperature  of  air,  on  arriving  at  the  grate    - 

Mean  teop^ratiue  of  gsees,  when  antving  at  the  chimney    - 

Mean  temperature  of  steam  in  the  boiler      ... 

Mean  temperature  of  attached  thermometer  ... 

Mean  height  of  barometer,  in  inches  ... 

Mean  number  of  volumes  of  air  in  manometer 

Mean  height  of  mercury  in  manometer        ... 

Mean  height  of  water  in  syphon  draught  gauge,  in  inches    - 

Mean  temperature  of  dew  point,  by  caJculatioa 

Mean  gain  of  temperature  by  the  air,  before  reaching  grate  - 

Mean  difference  between  steam  and  escaping  gases  - 

Water  to  1  of  coal,  corrected  for  temperature  of  water  in  dstem 

Water  to  1  of  coal,  from  312°,  corrected  for  temperature  of 

water  in  dstem  ----.- 
Pounds  of  water,  from  212°,  to  1  cubic  foot  of  coal 
Water,  from  212°,  to  1  lb.  of  combustible  matter  of  the  fuel 
'  Mtitti  pressure,  in  atmospheres,  above  a  vacuum 
Mhkn  pressure,  in  pounds  per  square  inch,  above  atmoephere 
Conditton  of  the  air  plates  at  the  furnace  bridge 
Inches  opening  of  damper,  (U.  uj^ier)        -  -       '     . 


September  13. 
24.667 
5.8:18 
14  07 
377.5 
18.75 
10  0 
939.75 
927.0 
12.75 
46.9875 
118.8 
8.088 
10.443 
4.5818 
43.871 
7396.0 
64°.5 
535.0 

75.0 
886.5 
14.18 

2  348 
2.385 
7.897 

7.79 
7.9144 

72°.  07 
64°.  05 
243°.  92    ' 
302°.  43 
231°.23 
68°.  23 
30.177 
5.0284 
0.5547 
0.870 
60°.  207 
171°.85 
71°.6 
7.897 

9.0279 

424.2 
10.0806 
1.4485 
6.624 

Open. 

U.    8 


2dTtiaL 
(Th,  CXLV.) 


Sq^temberli. 
24.093 
5.593 
14,07 
377.5 
18.75 
10.0 
94625 
932.0 
14.25 
47.31M 
119.5« 
8.497 
9.936 
4.594» 
46.S45 
7084:0 
64*.4 
351.0 

49.0 

954.19 

15.1) 

3504 
S.515 
7.5483 

7.906 

8.ns« 

72°.71 
08°.S9 
258**.57 
819°.87 
231«.57 
68°.43     i 
30.098  ! 
5.30    I 
0.537   ' 
0.3009 
66».l3 
185°.  86 
88*>.5 
7.5483 


8.63 
408.39 
9.5816 
1.4018 
5.984 
Cloffd* 
U.       8 
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FROM  TABLES  CXLIV,  CXLV,  CXLVI. 

Mian  (new  shufl)  coaL 
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8d  Trial. 
(T^CXLFI.) 


September  1ft. 
S4.083 
9.667 
^  U.07 
877.6 
18.76 
ll/O 
1063.76 
Id0tw6 
S4  96 
49.36 
91.63 
6.  SIM 
10.397 
3.4644 
36.426 
8093.0 
690.7 
»3t.O 

78.0 
692.46 
11.08 

1.834 
1.817 
7.668 

7.667 

8.2686 

84«».02 
76«.96 
28r>.19 
297«.47 
2310.86 
790.84 
29.888 
6.249 
0.6321 
0.2066 
72^.91 
502».17 
«»*.22 
7.6608 

8.694 
423.34 
9.69U 
1.4068 
6.007 
Open. 
U.    4 


Aterages. 


17.083  V 
47.863 
108.83 

7.604 
10.2683 

4.2137 
42.1807 


844.383 
13.4C 

2.229 

7.6711 

7.7# 
8.1318 


2630.227 
3060.39 


I 


0.3221 


I860. 627 
750.107 
7.0664 

• 

8.7506 
418.61 
9.76U 
1.419 
6. 1885 


Ramariuk 


Tho  coke  left  on  the  grate  in  the  3d  trial,  when  the  oomtkulionr 
was  conducted  stowly,  with  a  4-indi  damper,  ia  neariy  dovble^ai 
much  as  waa  left  in  either  of  the  other  trials. 


On  the  Sd  trial,  the  gases  passed 
temperoture  than  on  the  IsU 


into  the  chimney  at  1 70  hi^ier 


The  open  air  plate  in  the  Istirial,  together  with  the  dan  tMnoe 
of  the  boiler  and  flues,  q>pear  to  have  contributed  ta  the  •  «ffi> 
dency  of  the  fuel  about  6  per  cent  more  than  was  obtained  6a 
the  2d  trial,  when  the  plate  was  dosed,  and  the  surfiicet  partly 
coated  with  soot 
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^0.  10. 

Situminous  screened  coal,  from  the  Midlothian  Company^s  mints  qf 

*         Virginia, 

Information  relative  to  this  sample  is  conveyed  in  the  letter  of  Mr. 
Wooldriiige,  already  copied,  in  connexion  with  the  sample  ot  average  coal 
from  the  same  mines. 

li  was  generally  in  large  lumps,  appearing  to  have  but  little  tendency  to 
disintegrate.  Its  color  is  mostly  deep  black,  but  diversified  by  scales  of 
carbonate  of  lime,  which  incrust  the  main  and  cross  partings. 

The  conchoidal  fracture,  shining  or  resinous  lustre,  and  the  difficnhy  of 
procuring  fractures  of  much  extent  following  the  surfaces  of  deposition, are 
observable  in  this,  as  in  other  samples  of  Virginia  coal. 

The  specific  gravity  of  one  specimen  {a)  was  found  to  be  1.2906,  thatof 
another  (6)  1.2763.  The  mean  of  these  gives  the  calculated  weight  per 
cubic  foot  in  the  mine,  80.21  pounds.  As  the  result  of  46  trials,  by  meas- 
uring and  weighing  in  the  charge  box,  the  least  weight  per  cubic  foot  was 
39.875;  the  greatest,  53.75;  and  the  average  4.5.722  pounds,  or  exactly  57 
per  cent,  of  the  weight  derived  from  the  specific  gravity. 

T|ie  space  for  sto>ving  one  ton  is  48  992  cubic  feet.  The  moisture  ia 
specimen  a  was  0.902,  that  in  A  0.8SS  per  cent.  *  In  the  larger  operations 
in  the  sieaming  apparatus,  2Q  pounds  lost  0.5  pound  in  two  days'  drying, 
or  1.785  per  cent. 

The  sulphur  m  specimen  a  was  0.2025  per  cejit. 

The  total  volatile  matter  in  a,  by  two  trials,  was  40.117;  in  6,  by  oae 
trial,  33.26  per  cent. 

By  the  mean  of  four  trials  on  each  of  the  specimens,  a  yielded  of  earthy 
matter  7.37,  and  b  3.2  per  cent.  Hence,  the  proximate  constituents  are 
in — 

Moisture  .  .  .  • 

Sulphur  .... 

Other  volatile  matter     ... 
Earthy  matter    -  -  -  . 

Fixed  carbon     -  -  -  - 


Specimens. 

Spectmenft. 

0.902 

0.8fc*8 

0.202 

(nf>t  tried) 

39.013 

32.372 

7.370 

3.200 

52.513 

.  63.540 

100.  100. 


% 


Volatile  to  fixed  combustible     -  -     1 : 1.346         1 : 1.958S 

In  two  specimens  examined  by  Dr.  King,  the  total  volatile  matter  was 
found  to  be  35.875  per  cent  This  number,  combined  with  the  two  abofe^ 
gave  for  the  average  of  volatile  matter,  including  moisture,  36.2817.  Dv* 
ing  the  trials  on  evaporation,  there  were  burned  4,132  pounds  of  this  sam- 
ple, yielding  as  waste — 

Of  ashes  -  -  •  .    ^       .  •    285.000  pounds. 

Of  clinker  -  -  -    '       .  .    142.250      " 

Of  soot    :.....      34.875      ** 

The  ashes  contained  13.178  per  cent  of  combustible  matter  infaf^ 
mixed;  and  the  eoot,  of  volatile  matter^  15.831  \  fixed  carbon,  50.449; 
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and  of  ashes,  35.12  per  cent.  Reducing  the  ashes  and  soot  in  the  propor* 
tions  here  indicated,  and  deducting  4.09  pounds  of  wood  ashes,  we  obtain 
398.93  pounds  as  the  absolute  waste  from  the  coal  burned.  This  is  equal 
to  9.655  per  cent.    Hence,  the  proximate  constituents  of  the  sample  are 

►        Moisture,  (from  28  pounds)     -  -  -  1.785  per  cent. 

Other  volatile  matter^  (4  specimens)  •   •  -  34.497       ^< 

Earthy  matter,  (from.  4,1 32  pounds)     -  -  9.655       << 

Fixed  carbon,  (calculated  by  difference)  -  54.063       <^ 

•        /        100. 


Volatile  to  fixed  combustible  1 : 1.5672. 

The  clinker  is  of  a  deep  iron-gray  color,  generally  in  small  lumps,  with 
small  shaly  portions.    It  weighs  39.37  pounds  per  cubic  foot. 

The  calcined  clinker  becomes  of  a  deep  reddish4)rown ;  the  ashes,  after 
reincineration,  are  of  a  ^* red-gray*'  color;  the  residue  of  the  soot  is  of  a 
deeper  color  than  that  of  the  ashes,  while  that  left  during  the  analyses  of 
the  coal  is  of  a  dirty-white  colpr.  The  ashes  weigh  53.40,  and  the  soot  4.91 
pounds  per  cubic  foot. 

With  oxide  of  lead,  specimen  a  gave  27.285  times  its  weight  of  metallic 
lead ;  or,  deducting  8.272  per  cent,  for  moisture  and*  earthy  matter  of  the 
q)ecimen,  the  lead  to  one  of  combustible  matier  is  29.745. 

The  trial  made  in  a  smith's  forge  proved  this  sample  to  be  superior  to 
the  average  Midlothian  coal,  then  in  use  in  the^hops.  It  gave  a  good  hol- 
low fire,  with  a  moderate  amount  of  cinder,  a  long  flame,  and  a  prelty  rapid 
heat,  with  lesS  smoke  than  was  visible  in  the  other  fires.  It  did  not  appear 
to  affect  injuriously  the  iron  to  which  its  heat  was  applied. 

It  is  unnecessary  to  state  more  in  regard  to  the  trial  of  this  coal  in  an 
office  grate,  than  that  it  behaved  in  all  respects  like  the  other  samples  of 
coal  furnished  by  the  Midlothian  company — ^burning  with  long  .bright 
blaze,  leaf  ing  a  coke  moderately  durable,  and /producing  brilliant  jets  of 
highly  luminous  flame,  especially  after  the  coking  process-  bad  jptoeeeded 
nearly  to  its  completion.  • 

The  lime  required  to  brinjg  the  boiler  mto  steadly  action  was^  qp  an 
average,  1.289  hour. 

The  average  quantity  of  coke  toft  unburnt,  when  the  fire  became  extinct,, 
was  14.08  pounds. 

In  noting  its  behaviour  in  the  furnace,  it  was  remarked  that  this  coal  cokes 
completely,  running  together  into  large  mas^s,  which  oohere  firmly  during 
the  greater  part  of  the  time  of  combustion,  giving  off  a  dense  flame  with 
much  smoke. 

Like  nearly  all  the  other  samples  of  coal  from  the  same  district  of  country, 
it  is  unfit  for  use  in  the  blast  furnace  for  smelting  iron,  without  the  pre- 
liminary process  of  coking. 


28 
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TABLE  CXLVIII— MIDLO 
First  trial — vpper  damper  U 


Femd  of  Mmlj  adioii  tUa  di^,  baa  lA.  46m.  to  (A.  16m-  p-  m.  ei  4i.  30i». ;  oimI  waffU 
to  dw  gnte,  364.71^  poundi;  walo'  wpptwd  to  boiler,  S,63S  poandi;  water  to  oat  of  ooal^  ■■■    ' 
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THIAN  (SCREENED)  COAL. 
inchet  open;  air  plates  removed. 


a 

c 


A.  m* 

U.00 
0.50 

1.45 


aoo 

4.15 
630 
6.15 


I 

.S 
& 


2 

I 

o 
c: 

•a 


bo 


o 


I 


be 

C 


t5i  s 
•3  •#*  3 


105 


138 
181.5 

221 
238 
259 
293 
318 
321 
323 
329.5 


334 

156 
150 


2 


£•§ 


•.J 
It 


—28 
—28 
—27 

—23 

—15 
—13 


—  3 
+  13 
14 
U 
20 
30 
33 
27 


REMARKS — Grmte  snr&ee  16.25  flqnare  foot;  length  of 
circuit  of  heated  gates  ISSl  feet;  height  of  chimney  41 
feet.  I 


35 

—27 
—22 


0.895 

0.927 
1.689 


1.544 
1.509 
1.377 
1.519 
1.819 
0.901 

1.654 


Kindled  fire. 

Wood  congamed,  4^0  pounds;  steam  at  eqailibrium;  com* 
menoed  charging  with  coal;  steam  blows  off  at  1  Ij^.  50m. 

New  thermometer  back  of  grate. 


Repaired  small  furnace,  and  kindled  fiie  in  it 


Placed  28  pounds  of  this  coal  in  the  drying  appaimtns. 


Smoke  31  seconds  in  readiSng  chimnej  top. 

FUled  tank. 

Coal  generally  in  lumps. 

Contents  of  ash  pit  thrown  on  grate;  water  1.6  indi  abofo 

normal  leveL 
Some  fire  on  grate;  water  1.45  inch  below  nonnal  leveL 
Water  in  boiler  adjusted. 


RESIDUA. 


Ldnker 

I  AdMbshind  grata 

Toiil  dbker  and  MiiM 

BaiiotwMdaalMs 

« 

Ttid  wMto  fi«n  ml 
Oikt   - 


•  19.76 
-46.7$ 
-    4.87 


70.87 
1.408 


68.>8» 

16.S6 
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TABLE  CXLIX.— MIDL 
Pint  trial — upper  damp, 


Period  of  (tsad;  action,  bom  lOh.  SOm.  ■-  nt.  to  GA.  p.  m.  —  7h.  30m.;  co»S  sapjUtiVf* 
440,36  lb«.;  mter  to  boiler,  during  same  peiiod,  4,3ib  Ibi:  water  to  I  of  coal,  S.T03. 
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FHIAN  (SCREENED)  COAL. 


S  ineies  open  i  air  plates  remove^. 


I 
!i 

•s- 

1 


e 
o 


8.08f 

I* 

9.15 
10.80 


11.40. 

I 
0.SO 

1.S5 

2.45 

r3,S5 

I  - 

I  4.45 
6.00 


I 


64.3 
55.0 
55.0 


11 


I 


150 
132 
132 


53.0 
51.6 
49.5 
53.0 

48.0 
48.0 

50.2 
50.2 
50.2 
51.0 
54.5 
49.8 
49.8 
49.8 
51.0 
48.6 


47.6 

46.5 
43.9 


140 
153 
181 
212.5 

224 
254 

294 

302 

312 

331 

333 

343 

349 

355 

347.5 

358 


357 


183 


I 


9 


—22 

4-17 
22 

32 
41 
51 
52 


62 
60 

64 
63 
68 
66 
75 
68 
58 
58 
54 
62 


62 

—20 
—18 


m 


1.219 
1.144 
0.795 
2.285 


1.775 
0.596 

1.927 
1.708 
2.162 
1.121 
1.360 
2.066 
1.839 
1.184 
0.901 
1.625 


REMABKS— Grate  fur&ce  16.25  teuare  f^tX;  leng^  of 
circuit  of  heated  gases  121  feet^  bei^of  chkimef  ^1'  fecii 


Commenced  firing;  water  at  nonnal  level. 
Woodoonaumed,  llSjlbs.;  commenced  chargingMtli  coat 
Damper  iiilly  open  at  8A.  5m.  a.  m. ;  steam  bt6wB  ^  and 
damper  then  reduced  to  6  inches. 


FiUedtank  at  114.  20m.  a.  m. 


Bmoke  27.5  seconds  re^tohing  chimney  top. 


Smoke  26  seconds  in  reaching  chimney  top. 
Tank  filled  at  Zk,  55iii.  p.  m. 
Smoke  dense  to-day  while  charging. 


Contents  of  ash  pit  thrown  on  grate. 

Water  left  at  1.35  inch  above  nonnal  level. 

Water  found  at  1.95  inch  below  nonnal  leveL 
Water  in  boil^  adjusted. 


RESIDUA. 


.Po«iMb. 
31.76 


^ -  .  -      6^.26 

A*6s  behnid  bridge  -  -•-._...        7.13 


Total  clinker  and  i^es  -  -  -  -  .  -  •  -      99.13 

Moct  wood  ashes    -----.-..        0.36ft: 

Total  waste  from  coal  ------.. 


Coke 


98.767 
21.25^ 


«oot 


1.376 
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TABLE  CL.— MIDIO 
Third  trial — vpper  damper  12  incha 


Hour. 

T»t».T.,>» 

b 

i 

1 

-S 

li 

1 

1 

D*te. 

it 

ll 

i 

i 

k.  m. 

" 

K.,19 

5.86 

56     151 

113 

175 

63 

302 

30.17 

0.11 

7.M 

57     l53 

140 

218 

64 

226 

30.16 

0.143 

0.14 

0.11 

7.46 

67     153 

234 

64 

227 

30.16 

0,163 

8.B6 

o.ia 

89.91 

7-60 

5S      :53 

\W'  325 

64 

327 

- 

30.16 

0.175 

8.84 

0.14 
0.15 

'S6 

8.30 

.^8      51 

-       270 

*'fi4" 

229 

"'1' 

30'l6 

oVisi" 

's.Vs 

9.06 

GO      63 

-      383 

64 

228 

30.16 

0,181 

8.78 

0.16 

340 

96. 7S 

9.40 

00      63.5 

•134    388 

84 

229 

30.16 

0.185 

8.74 

0.13 

760 

10.  )0 

61    sa 

174    202 

64 

329 

30,16 

0.183 

8.76 

0.14 

930 

10. « 

63      51.6 

193    390 

63 

328 

- 

30.16 

0.182 

8.77 

0.15 

1370 

7JLTi 

11.20 

B3.5  52.5 

84 

339 

- 

30-16 

0.183 

8.76 

oiVo 

1335 

8t.U 

0.00 

63      53 

310    304 

230 

_ 

30.15 

0.193 

8.70 

O.IG 

17811 

0.25 

S3     '52 

218    310 

64 

829 

30.13 

0.189 

8.70 

0.16 

3036 

83.Tfi 

100 

63     l53 

226:   316 

65 

30.13 

0.182 

8.77 

0.14 

24  IS 

1.30 

63     [53 

S40|  315 

65 

239 

30.12 

0.176 

3.81 

0.15 

2696 

BI.U 

3.1)0 

64     ,53 

3461  390 

66 

239 

30.13 

U.181 

8.78 

0.17 

393S 

3-60 

63      !53.6 

364|  3t6 

66 

239 

30.12 

0.189 

8.70 

0.17 

3370 

e9.oe 

3.15 

6*      153 

a.'iS!  322 

06 

30.12 

0.187 

8.73 

D.16 

366S 

!:» 

64      153 

364    3-J3 

65 

239 

- 

30.11 

0.182 

8.77 

0.17 

3985 

63     154 

268    317 

66 

229 

30.11 

0.187 

8.73 

0.17 

43» 

84.00 

4.60 

63   ;.^5 

370    330 

64 

329 

30.11 

0.181 

8.78 

0.20 

4645 

6.30 

63      55 

273    336 

64 

229 

30.11 

0.190 

8.69 

0.19 

4810 

8t.5G 

6.4S 

63     6S 

272'  334 

64 

229 

30.10 

0.183 

8.77 

0.18 

5070 

6.15 

as     54 

!78|  328 

64 

S28 

30.13 

0.189 

8.70 

0.18 

5410 

6.40 

80     15:) 

a7S|  338 

64 

339 

30.10 

0.196  1  8.62 

0.19 

6740 

S5.H 

7. 00 

60      52 

C4 

239 

30-13 

0.187     8.72 

0.16 

6090 

7.30 

61      53 

28(1    332 

G4 

229 

30.11 

0.189 

8.70 

0.16 

6260 

8.00 

61      |53.5 

288    332 

64 

329 

30.11 

0.187 

8.78 

0.30 

6600 

96.« 

8.30 

60      ;53 

281 1  33? 

65 

229 

30.11 

«.183 

8.76 

0.19 

6940 

9.00 

61     ISS 

390 

336 

64 

- 

30.11 

0.181 

8.78 

0.20 

7190 

9.30 

60     jSS 

291 

335 

84 

326 

30.11 

0.183 

B.T6 

0.19 

7360 

........ 

9.46 

60.5:53 

301 

- 

64 

326 

■-■ 

30.11 

0.169 

8.00 

Tio 

7486 

M^SO 

6.30 

66     >5I.5 

234 

196 

64 

316 

_ 

30.00 

_ 

_ 

0.f3 

7486 

, 

0.S0 

"1- 

218 

1,1 

64 

210 

- 

30.00 

" 

0.11 

S31D 

" 
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THI AN  (SCREENED)  COAL. 
open;  air  plates  open;  coking  plate  on. 


I  asfi  ] 


I 


§ 


i  m. 


7.46 


I.0& 
10.40 

irio 


0.U 
1.30 
2.50 

4.S0 

6.M 

(.40 
8.00 
9.30 


i 


§ 


Ijs 

II  & 


46.3 
46.5 
46.5 
45.4 


42.9 
43.2 
44.4 
43.2 
89.7 

41.9 

42.7 
40.1 
42.7 
42.7 
41.7 
45.  Q 
41.7 
41.7 
45.1 
47.6 
47.6 
47.6 
46.2 
45.7 
43.2 
44.7 
45.9 
46.7 
44.7 
45.7 


6> 
83 

69 


45.2 
45.0 


74 

.113 

130 

139.5 

147 
155 
163 
177 
182 
192 
194 
200 
205 
207 
209 
209 
216 
218 
218 
219. 
227 
221 
229 
231 


I 


8 


9.(0 

MJ 


—27 

—  7 

—  3 

—  2 

141 

55 
59 
63 
62 


243.5 

169 
163 


59 

74 

81 

87 

86 

61 

87 

94 

94 

88 

101 

97 

95 

100 

109 

115 

103 

103 

108 

108 

109 


96 

—20 
—19 


Clinktt      . 
Aihet 

Aiiiet  bdund  bridge 

^^^^^  wood  aahev 

Total  warte  fiom  cod 
Coke 


0.338 
1.158 
1.907 
0.901 
1.801 


0.338 

1.689 
1.621 
1.726 
1.483 
1.271 
1.065 
1.812 
2.278 
1.521 
1  1.722 
0.874 
1.653 
1.801 
2.098 
3.046* 
0.848 
1.854 
1.801 
1.825 
0.848 


1.4IB0 


REMARKS.— Grate  sorfroe  11.376  fquimfeet;  lengdiof 
dreoit  of  heated  gates  121  feet^  height  of  chimney  41  &et. 


Commenced  firing;  water  at  normal  levd. 
Wood  oonramed,  159  Ibe.;  commenced  chargii^  withooaL 
Steam  at  equilibrium;  upper  damper  at  16  inches. ' 
Steam  begins  to  blow  oflT;  air  plates  opened. 


Drew  gas  at  lOA.  Om.,  fotmd  it  iiicombciBtibte{  sligfat  siBokie 
from  chimney. 


Little  smoke  from  chimney. 

Gfases  22  seconds  in  reaching  chimney  top. 

FiUod  tank  at  4A.  85m. 

Coal  in  drying  apparatus  weighs  27  lbs.  6  OB. 


Coal  to-day  chiefly  lumps. 
Contents  of  ash  pit  thrown  on  grate. 

Air  plates  closed;  damper  set  at  6  inefaes. 
Water  in  boiler  adjusted. 


RESIDUA. 


39.00 
47.25 
10.76 

97.00 
0.486 

96.6I> 
8.80 
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TABLE  CXI MIDU) 

/■v  life  A  tfttit^uppty  aonjfBF  6  inthtt 


Pniod  of  atcud;  ictioa,  Trom  SA.  SOtn.  •.  ta.  to  4k.  p.  m.— U.  10m.,  coal  fnppSedla  pUe. 
HBIU.;  witer  to  boilk.  3.710  flat  tntara  1  of  cmI,  MWiepeflMli  S.98t. 
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THIA?^  (SCRBBNSD^  COAL. 


RBMARKa-'NGhrate  turfaM  11.375  «iiMreieet|,  tengOv  flC 
dicuitof  heated  ^aee  Ul  feet;  height  of  chimney  41  feet. 


Commenced  firing. 

Wood  conramed,  1415 J  B».;  oommenoedi  ehaigmg  ¥ita 

coal;  steam  at  efjoilibaam*. 
Steam  begin*  to  blour  off<  air  plates  qpeoedat  7A*  45m.  a. 

m.(  ash  pit  doors  *teft  open.  25  minnteei  doeed  at  7A. 

55m  •  a.  m* 
Upper  damper  set  ait  6  Inches  at  8^  a.  m. 


FiUM 


Smoke  25  eeeoads  m  rsaflhingtehimfwy  U^ 


f  t 


Coal  in  drying  appazatMweic^  27  ibs.  ai 
Coal  bnmed  lo^y  generallyiin  lnmps» 


Contents  of  ash  pit  thrown  on  grate. 
FiBed  tank;  water  in  hotter  left«t  0.75  inch  abpie  nonual 
lerel. 


-      Water  in  boile»  adjnatdi. 


RESIDnA* 


Clinker 
Aihes 


15.2» 

4S.25 

7.75 


IMoctwood 

Total  waste  from  coal 

Ooka 

8eot 


69l25^ 

o.3a{ko> 

68.865 

7.875 

30.875 


[486  ]  .442 

TABLE  cm,— MIDLO 
Fiflk  trial — upper  dantper  S  ineius  openi  air  plata  open; 
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THIAN  (SCREENED)  COAL. 

tteam  thrown  into  chimney,  and  small  furnace  in  action. 
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h»  n. 


d.60 


10.24 
11.03 


11.47 

0.27 

1.85 

2.27 

3.04 
4.08 


i 


^  6 
•  o 

r 

I 


49.7 
50.8 
50.3 
63.0 
52.0 
54.5 
53.1 

55.3 
5C.3 


68.5 

69.3 

62.7 
58.7 
57.5 
54.0 
57.0 
51.0 
48.8 
49.6. 

48.8 


I 


I 


5 

O    C9 
•5    & 


47 

46 

56.5 

67 

67 

69.5 

70 

74 
88 


41.7 
40.1 
37.2 
33.8 

82.7 


102 

122 

130 
149 
169 
169 
175 
179 
187 
194 

202 


209 
222 
220 
190 

137 
73 


—10 

-HO 

44 
12 

2 
15 

3 

23 

68 


65 

69 

71 

87 

90 

86 

90 

116 

105 

104 


1.854 
2.585 


1.716 

2.210 

2.517 
2.899 

2.140 
2.872 
2.681 
2.209 
2.421 


100 

89 

56 

49 

—16 

—86 
;— 38 


2.315 

1.701 
0.836 


REMARKS.-^Grate  sar&ce  14.07  square  fbet;  lengdi  of 
circuit  of  heated  gaaes  121  ieet;  hei^^tof  chimnc^y  63  ieet. 


Commenced  firing  at  6it  29m. ;  wind  B.^biiak,  and  raining. 
Raining  Yiolently. 


Wood  consumed^  440i  lbs.;  commenced  charging  with  ooaU 
Steam  allowed  to  blow  off  at  lOA.  0f».;  joat  after  taking 

observation,  wind  8E. 
Air  plates  opened  at  lOA.  22m. 
Steam  allowed  to  escape  from  back  valve. 

Wind  SW.,  dearittg  off;  again  deoding  iqi  at  1  lA.  Mm., 
followed  by  rain;  wind  W. 

Filled  tank;  grate  bars  red;  dealing  ofi^at  11  A.  55m.;  wind 
SW.,  Ught. 

Commenced  drawing  gases  at  OA.  32m.,  (fire  in  good  actiAn, 
with  firesh  coal  on;)  drew  in  56  minutes  100  cubic  inches^ 

'  which  gave  water  0.40  gWdil,  carbonic  add  5.58  grains^ 
oxygen  10  cubic  inches;  water  0.6  inch  bdow  normal 
level  at  lA.  30m.;  filled  tank  at  U.  46m.;  wmd  NW., 
brisk;  sun  shining.  Smoke  in  reaching  diioaney  top^  (up- 
per damper,)  first  trial  12.5  seconds;  syphon  0.41;  sec- 
ond trial  14  seconds;  (through  lower  damper,)  fizat  trial 
8.5  seconds,  syphon  0.42;  second  trial  8  seconds. 

Contents  of  ash  pit  thrown  on  'grate;  air  plates  dosed; 
damper  set  at  4  indies  at  5  o'clock;  wind  NW.,  very 
lifi^t. 

Water  1.2  inch  above  normal  level. 
Too  much  water  in  boiler,  and  the  levd  is  produced  by 
drawing  out. 

Water  in  boiler  adjusted.  *^ 


RESIDUA. 


CKiiker 

Ashes 

Ashes  behind  bridge 


Poufidb. 
37.5 
62.5 
1.5 


«!.5 
Deduct  wood  ashes    -•»  •  '  --  •  .  •        1.862 

T«lal  WMrte  from  eoal  -  ..  .  .  .  .  .      90.148 

ir 

Coka  -.-......  -      >1.6 

— .■■■■..••^— *— 

8mC 4.00 
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TABLE  CLin.-.DEDlICTIONS  FROM 

Experiments  on  Midlo 


Nature  of  the  dbU  funiMbed  by  the  respectlTe  tables. 


1 

3 

4 

6 

6 

7 

8 

9 

10 

11 

13 

13 

U 

15 

16 

17 

18 

10 

SO 

SI 

ss 

S3 

S4 
S5 

S6 
S7 

S8 
S9 
SO 
31 
3S 
83 
34 
36 
36 
37 
38 
39 
40 

41 

43 
48 
44 
45 
46 
47 


Total  duration  of  the  experiment,  in  hoon  .  -  - 

Duration  of  steady  action,  in  houra  ... 

Area  of  grate,  in  square  feet  .... 

Area  of  heated  surfiioe  of  boiler,  in  square  feet 
Area  of  boiler  exposed  to  direct  radiation,  in  square  feet 
Number  of  diAigfis  of  coal  suiqplied  to  grate 
Total  weight  of  coal  supplied  to  grate,  in  pounds     - 
Pounds  of  coal  actually  consumed   .  -  -  « 

Founds  of  coal  withdrawn  and  separated  after  trial  - 
Mean  weight,  in  pounds,  of  one  cubic  foot  of  coal   - 
Pounds  of  coal  suf^lied  per  hour,  during  steady  action 
Pounds  of  coal  per  square  foot  of  grate  surfece,  per  hour 
Total  waste,  asbes  and  clinker,  from  100  pounds  of  coal 
Pounds  of  dinkaralene^  from  100  pounds  of  coal    » 
'SsEtio  of  clinker  4o  the  total  waste,  per  cent. 
Total  pounds  of  water  supplied  to  the  boiler 
Mean  temperature  of  water,  in  degrees  Fahienbeit  - 
Pounds  of  water  supplied  at  the  end  ef  experiment,  to  restore 
lerel      ..--.-- 
DeduolioD  for  tempeature  of  water  supplied  at  end  of  experi- 
ment, in  pounds  f.  .  .  .  . 

Poundf  of  water  e^rapocated  per  hour,  during  steady  action  - 
Cubic  feet  of  water  per  hour,  during  steady  action   - 
Povnds -of  water  per  square  foot  of  heated  snrfece  per  hour, 
by  one  calculation  ..... 

Pounds  of  walsr  per  square  fdodt  by  a  mean  of  seTeral  obser- 
vations ...... 

Water  evaporated  by  I  of  coaVfrom  initial  temp,  (a)  final  result 

Watsr  evaporated  by  1  of  ooal,  from  initial  ten^i.'  (b)  during 

steady  action      ...... 

Pounds  of  friel  evaporating  one  cubic  foot  of  water  ^ 
Mean  tenp.  of  air  entsring  below  ash  pit,  during  steady  pres- 
sure     -  -     '       -  -  -  -  - 

Mean  ternp^  of  wet  bulb  thermomeler,  during  steady  praeeore 
Mean  temperature  of  air,  on  arriving  at  the  grate 
Mean  temperature  of  gases,  when  arriving  at  the  chimney    - 
Mean  temperature  of  steam  in  the  boiler     -       '     - 
Mean  temperature  of  attached  thermometer  - 
Mean  height  of  barometer,  in  inches  ... 

Mean  number  of  volumes  of  air  in  manometer  « 

Mean  height  of  mercury  in  manometer,  in  atuMMpheies 
Mean  height  of  water  in  syphon  draught  gauge,  in  inches     - 
Mean  temperature  of  dew  point,  by  calculation 
Mean  gain  of  temperature  by  the  air,  before  reaching  grate    - 
Mean  diflerence  between  steam  and  escaping  gases  - 
Water  to  1  of  coal,  corrected  fortemp.  of  wafer  in  cistern  and 
boiler    .------ 

Water  to  1  of  coal,  from  313^,  oonected  for  temperature  of 
water  in  cistern  and  boiler  .... 

Pounds  of  water,  from  313^,  to  1  cubic  foot  of  coal  - 
Water,  from  313<>,  to  1  lb.  of  combustible  matter  of  the  friel 
Mean  preesure,  in  atmospheres,  above  a  vacuum 
Mean  pressure,  in  pounds  per  sq.  inch,  above  atmosphere    - 
Cdndition  of  the  air  plates  at  the  fomace  bridge 
tnehest^wning  of  damper,  (U.  upper)        ... 


Ist  Trial 

3dTriaL 

(TsbleCXLVm.) 

(Xkble  CXI.IZ.) 

May  16. 

May  17. 

34.083 

34.36 

45 

7.50 

16.35 

16.35 

377-5 

377.5 

31.66 

31.66 

7.0 

10.0 

636.75 

919.5 

611.36 

899.04 

15.39 

30.46 

44.767 

45.975 

81.05 

86.03 

4.987 

5.394 

11.8795 

10.9858 

3.0007 

3.5204 
31.736 

36.683 

4733.0 

7015.0 

76«».5 

73^7 

645.0 

815.0 

85.0 

113.0 

568.30 

576.66 

9.01 

9.336 

1.492 

1.537 

1.467 

1.5335 

7.619 

7.678 

6.958 

6.703 

8.3083 

8.1403 

80^8       , 

66**,44 

343^.0 

347^0 

3430.3 

388<».87 

330<'.3 

330^0 

78<'.0 

64«.0 

39.96 

30.138 

8.943 

8.808 

0.165 

0.178 

0.1487 

0.1766 

363«.3 

380«.56 

19M35 

63«.16 

7.691 , 

7.6336 

8.7037 

8.6564 

389.6 

397.977 

9.8093 

9.7247 

1.4311 

1.4197 

6.33 

6.198 

Removed. 

Bemoved. 

U.     13 

U.       6 
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TABLES  CXLVin,  CXLIX,  CL,  CLI,  CLII. 
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tMan  (screened)  coal. 

• 

3dTriaR 

4th  Trial. 

5th  Trial. 

ATcragee. 

Kcmarkfl. 

iTable  CL.) 

(Table  CLL) 

(Table  CLn.3 

'     Hay  19. 

•  May  20. 

Ifbvember  11. 

\ 

24.25 

24.082 

25.416 

1 

10.833 

6.167 

5.083 

11.375 

11.375 

14.07 

377.5 

377.5 

377.5 

15.156 

15.156 

18.75 

13.0 

8.0 

^9.0 

1040.25 

729.25 

890.75 

• 

1031.51 

721.34 

869.25 

8.74 

7.91 

21.50 

14.8 

43.344 

45.575 

48.9305 

45.7183 

71.587 

72.65 

119.81 

86.22 

• 

6.013 

?.387 

8.615 

6.2392 

9.3655 

9.5469 

•      10.1983 

10.27.52 

8.7615 

2.10r6 

4.2519 

3.329 

40.0 

22  014 

41.693 

82.4232 

8210.0 

6120.0 

6568.0 

64<'.0 

62«».9 

550.3 

725.0 

415.0 

0.0 

102.0  . 

58.0 

0.0 

661.25 

601.70 

882.375 

632.103 

8.583 

9.627 

14.118 

10.1128 

The  fitflt  four  trials  were  made  with 
the  ehkuny  41,  the  fifikwith  il 

1.421 

1.594 

2.337 

1.6742 

68  feet  high. 

1.556 

1.601 

/      2.361 

7.8604 

8.404 

7.555 

7.8233 

•                                                     • 

7.8406 

8.281 

7.365 

7.4289 

7.9513 

7.4369 

8.2727 

8.0009 

61<».79 

67^43 

670.0 

^ 

• 

53^5 

550.86 

590.86 

248<>.5 

2610.2 

2280.54 

2850.648 

326«>.4 

3120.73 

3190.09 

2970.778 

228^.73 

228®.  86 

2290.73 

69«.0 

650.0 

610.64 

30.126 

29.94 

29.524 

• 

8.743 

.  8.821 

5.007 

0.1845 

0.177 

0.557 

0.1786 

0.21 

0.385 

0.1788 

470.3 

440.9 

550.O8 

1860.71 

1930.77 

1610.54 

2160.956 

• 

9a<>.28 

890.3 

880.30 

700. 638 

7.8991 

8404 

7.555 

7.8865 

• 

9.0841 

9.6206 

8.7066 

8.9441 

391.575 

438.46 

426.01 

408.725 

•                                       » 

9.9677 

10.686 

9.714 

9.9708 

1.4236 

1.4192 

1.4436 

1.4255 

6.2565 

6.1919 

6.5509 

0.2835 

Open. 

Open. 

Open. 

- 

U.     12 

U.      6 

U.      8 
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Remarks  on  the  preceding  table  of  deductions. 

The  sample  to  which  this  tahle  relates  was  burned  at  five  trials,  of  which 
four  were  made  with  the  chimney  41  feet,  and  one  with  it  63  feet  high. 
To  prove  the  relation  which  exists  between  the  average  and  ihe  screened 
coal  from  the  same  mines,acompati8on  may  be  instituted  between  the  21st 
line  of  this  table,  atid  the  line  having  the  same  number  in  table  CXXXVII. 
In  the  last-mentioned  table,  the  2J  and  5th  trials  are  comparable  with  the 
1st  and  3d  of  the  preceding  table.  The  mean  rate  of  evaporation  by  the 
average  coal  is  seen  to  be  10.108;  that  of  the  screened  8.796  cubic  feet  of 
water  per  hour.  It  appears  from  tlris,  that  the  screened  coal  was  inferior 
in  activity  to  the  average.  ^ 

In  speaking  of  the  draught  of  the  chimney,  in  a  former  part  of  this  re- 
port,'the  causes  of  the  velocity  of  motion  of  gases  are  enumerated,  (see  page 
19.)     It  may  here  bo  added,  that  the  height  of  a  chimney  is  a  most  im- 
portant element  in  computing  the  force  and  velocity  of  gases  flowing  through 
it,  and  of  determining,  when  all  other  circumstances  are  equal,  the  rate  of 
combustion  in  any  furnace  connected  with  it.    Che  table  of  deductions  now 
under  consideration  affords  proof  of  this  assertion:     On  the  19th  of  May, 
■with  a  chimney  41  feet  high,  air  plate  open,  and  damper  drawn  twelve 
inches,  the  combustion  was  at  the  rate  of  6.013  pounds  of  coal  per  square 
foot  of  grate  per  hour.    On  the  11th  of  November,  with  a  chimney  63 
feet  high,  damper  drawn  but  eight  inches,  and  air  plate  also  open,  the  com- 
bustion was  8.515  pounds  per  square  foot  of  grate  per  hour.    The  evapora- 
tion from  the  boiler  on  the  19th  of  May  was  8.583  cubic  feet  per  hour,  or 
0.754  of  a  cubic  foot  to  one  S(]fuare  foot  of  grate — the  area  of  the  latter  be- 
ing then  11.375square  feet.    On  the  1 1th  of  November  it  was  14.118  cubic 
feet  of  water  per  hour  from  the  boiler;  and  as  the  grate  was  14.07  square 
feet^  it  was  1.003  cubic  foot  of  water  to  one  square  foot  of  grate.    The 
gain  in  the  combustion  on  a  square  foot  of  grate  is  here  4 1  per  cent. 
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Midlothian  average  coal,  taken  promiscuously  from  a  heap  procured /or 
use  in  the  smith  shops  at  the  Washington  navy  yard. 

On  this  sample  of  coal,  two  imperfect  experiments  were  made  while  test- 
ing the  condition  and  action  of  the  apparatus.  Having  been  performed 
under  considerable  disadvantages  in  respect  to  the  means  and  appliances 
for  observation,  which  had  not  then  been  fully  completed,  and  without  the 
necessary  assistance  to  take^  simultaneously,  the  several  classes  of  notes,  I 
have  not  deemed  it  necessary  to  detail  the  observations.  In  all  its  external 
,  characters,  the  coal  was  very  similar  to  other  samples  from  the  Midlothian 
mines. 

A  quantity  of  this  sample  was  used  in  composing  Jhe  mixtures  of  Mid- 
lothian and  Beaver  Mead6w  coals,  of  which  a  detailed  account  has  already  * 
been  given. 

The  following  table  shows  the  composition  and  other  properties  of  this, 
as  well  as  other  Virginia  coals.  The  per  centage  of  chnker  derived  from 
the  two  trials  above  referred"  to,  is  among  the  data  there  recorded.  The 
total  waste  from  one  of  the  experiments  was  20.1  per  cent.  The  samples 
sent  for  trial  by  the  Midlothian  Company  gave  for  the  highest  result,  in 
Viastcy  14.83  per  cent. ;  and  for  the  average  of  four  samples,  11.5)4  per 
cent.;  another  evidence  of  some  deficiency  in  preparing  coal  for  the 
market. 
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?  an  the  synoptical  table  of  Virginia  coats. 

he  evaporative  and  the  reductive  powers  of  this  class 
ation  of  the  fixed  to  the  volatile  portion  of  their  respec- 
tters,  will  still  /fUratakilUistrate  the  subject  of  M.  Ber- 
ermining  the  heating  power  of  fuel. 


)f  coal. 


f     ■   1 11  ■ 


■  *■  •* 


med)  - 

ng  Company's 

shaft) 

ige)    -     - 
eet  sh^ft). 


Steam  to  1  of 
,  combustible. 


: 


10.142 
9.970 
9.896 
9.751 
9.741 
9.740 
9.611 
9-811 
S.6BS 
8.583 


Lead  reduced, 
to  I.  of  com* 
bustible. 


28.007 
29.745 
27.376 
26.797 
29.027 
25.775 
26.993 
30.5d3 
2S;527 
29.170 


Ratio  of  fixed 
fyy  vohtilq 
combustToIo. 


9.523 


■^•" 


28.194 


3.435 

1.567 

1.9  J  7 

1.684 

1.780 

2.499 

2.239 

2.032 

1.793 

1.599 


2.054 


five,  in  the  second  column  of  numbers,  is  28.19  ; 
98.    The  order  of  practical  evaporative  powers  is 

.ed  by  the  weights  of  lead  reduced  by  the  several 

op«on»ens  of  coal. — See  table  on  page  307. 

A  series  of  coals,  in  which  the  relation  of  the  fixed  to  the  volatile  com- 
bustible matter  is  nearly  the  same  as  above,  was  analyzed  by  M.  Baudin, 
(as  found  in  his  paper  in  the  Annates  des  Mines,  4^me  seri'e,  p.  85,)  and 
the  lead  reduced  by  1  of  the  combustible  matter  of  ea,ch  coal  was  also  de- 
termined as  follows : 


Names  or  localities. 


Leadrednoedto  1 
of  combustible. 


>••     ■ 


Mohtes,  (ABier) 

6«^liers    - 

MeffComA^  (Bradsac) 

LMg0a6     ... 

Chftttlp1;alXy  HttnOe  IknNlogM 

Mcfdiear        •  .  . 

Let  Battbecr,  (BrSMftc) 

Sittgtos,  Goigiiette  «  - 

Noyant 

Ammenat,  (Commentry) 

Nferis 

Bert,  (AlUer) 

La  Roche,  (Puy-de-Dome)  - 

Mean 


Ratio  of  fixed  to 
volatile  oombus* 

Hbte. 


-  ; 


30.98 

9.0S« 

31.16 

2.98T 

30.91 

2.7^' 

30.82 

2.5T5 

29.62 

1.94T' 

29.55 

1.945 

30.58 

'■       1.90^ 

29.74 

1.86d' 

28.19 

1.746 

28.64 

1.500 

27.08 

1.431 

27.04 

1.409 

26.16 

1.358 

29.18 


2.032 


■*".•• 
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CLASS  IV. 


FOREIGN   BITTTMINOUS    COALS^  AND   THOSC   OF  SIMILAR  CONSTITUTIOlf  WEST 

OF  THS  ALLXOBMIF  MOUNTAINS. — ^PINE  WOOD. 


SAMPLES. 

Foreign  coals. 

No.  1.  Pictoii,  (purchased  in  New  York.) 

2.  Sidney. 

3.  Plctou,  (Canard's,) 

4.  Liverpool. 

5.  Newcastle. 

6.  Scotch. 

Coals  from  toest  of  the  ^Allegheny  mountains. 

7.  Pittsburg. 

6.  Cannelton^  (la.) 

9.  Dry  pine  wood. 


General  characters. 

In  many  respects,  this  class  of  coals  bears  a  strong  analogy  to  the  pre- 
ceding. The  ratio  of  the  fixed  to  the  volatile  combustible  matter,  is,  how- 
ever, aoBiething  less.  The  exterior  presents  often  a  resinous,  lustre.  The 
surfaces.of  deposition  are  easily  developed  by  fracture.  Great  facilijty  of 
ignition  and  a  high  degree  of  activity  in  the  combustion  .of  their  vobUile 
constituents,  are  also  general  properties  jof  this  class.  Their  high  pippoiv 
tion  of  volatile  combustible  matter  renders  these  coaJiS)  .when  neitrly  £rea 
from  sulphur,  eminently  suitableibr  the  production  of  illaminating  gas ;  ancl 
the  tendency  of  their  cokes,  with  few  exceptions,. to  intonlesocr  Strongly,  liett^ 
ders  them,  in  ccmimon  with  the  preceding  class,  highly  servioeitble  in  foroir 
ing  large  hollow  firep forsmithiog purposes. 
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No.  1. 

Biiuminoui  coal  from  PicioUf  Nova  Se^iuM^  procured  frem  MtMsra. 
Laing  Sf  Randolph^  in  New  York^for  comparative  experiments. 

This  coal  has  a  glimmeriDg  lustre,  or  a  dull  aspect,  according  to  the  part 
observed.  The  surfaces  of  deposition  are,  in  some  specimens,  inclined  in 
an  angle  of  83^  to  the  main  partings;  thin  scales  of  earthy  matter  are  occa- 
sionally found  in  the  joints,  or  vertical  seams ;  but,  in  general,  little  impu- 
rity is  observable  on  the  exterior.  Conchoidal  fractures  are  of  unfrequent 
occurrence.  The  coal  was  of  average  size,  lumps  and  fine  being  inter- 
mixed in  due  proportion,  to  constitute  a  merchantable  article  for  ordinary 
use  in  smiths'  fires  and  for  domestic  purposes*  The  powder  of  this  coal  is 
of  a  dark  brown  color,  and  its  streak  on  a  white  earthen  ground  is  of  the 
same  tint. 

The  specific  gravity  of  one  specimen  (a)  was  1.3546 ;  that  of  another,  (&,) 
LS807:  from  the  mean  of  which,  the  calculated  weight  per  cubic  foot  is 
82.35  pounds. 

By  39  trials  in  the  charge  box,  thegreatefi  weight  of  any  one  charge  was 
112.25  pounds,  or  56.125  pounds  per  cubic  foot.  The  least  weight  was 
!97.5  pounds  per  charge,  or  48.75  pounds  per  cubic  foot;  while  the  average 
of  the  whole  was  53.548,  or  0.6502  of  the  above  calculated  weight.  The 
space  for  the  stowage  of  one  ton  of  the  coal  is  41.832  cubic  feet. 

The  raoijsture  in  specimen  a  was  O.;07 ;  and  that  in  ;fr,.  0.935  per  cent. 

The  volatile  matter^^  other  than  moisture,  in  a,  was  27.51 ;  the  sulphur, 
0.7689  per  cent. 

The  volatile  matter^  other  than  moisture  in  (,  was  20.105. 

Four  incinerations  of  a  gave  of  ashes  2.38 ;  and  the  same  number  of  A, 
•2.65  per  cent. 

Hence  the  composition  is  as  follows,  viz : 

« 
Moisture    -  -  -.  - 

Sulphur     .  -  - 

Other  volatile  matter 
Earthy  matter       -  -  . 

Fixed  carbon 


0.97(f 

0*935 

0.769 
26.741 

(not  tried.) 
20.105 

2.380 

2.650 

69.140 

76.310 

100. 

100. 

:  2.5132 

1  r  3.7955 

The  volatile  to  fixed  combustible     1 :  2.5132 

Two  specimens  of  this  sample  of  coal  were  assayed  by  Dr.  King,  apd 
yielded  the  one  36,  and  the  other  33  per  cent,  of  volatile  matter,  including 
moisture.  These,  combined  with  the  above,  give  a  mean  of  29.63,  which 
may  probably  be  assumed  as  a  pretty  near  approxinlation  to  the  average 
yield  of  this  mgredient. .  -  . 

By  exposure  for  four  days  in  the  steam  drying  apparatus,  28^pounds'Of 
this  coal  loft  a7l-87-5  pound  of  mobture,  or  2,567  percent.  ' 

During  the  four  trials  pf  evaporaUve  power,  4153.875  pounds  .were 
burned^  an^d  yielded  302.4  pounds  of  ashes,  (including  those  of  408.62 
poundaof  pine  wood,)  253.475  pound?  of  clinker, ,wd  19,5  pounds  of  sp^t. 
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The  ashes  lost  by  reincineration  6.9<S7f  and  the  soot  65.42  per  cent,  of  their 
weight. 
H^ceiiie.absoltitdy  iifeoiitiHi^ble^mi^ 

From  the  ashes  -  -  -       '     -  .    284.5^0  pounds. 

From  the  clinker  -  ,        -  -  -    253-|475 

From  tl]e  soot     -  -   '        -       '    '.     "       .      ..G.j743 


Total  -  -  -  -     544.75J3 

Deduct  for  wood  ashes    -  -  -  -       -1.227      " 


Leaves      ....    543^31      « 

which  is  13.389  per  cent  of  the  coal  biurned.        , 

'  By  these  data  we  may  assign  the  following  as  the  proximate  co(i$tiui» 
ents  of  this  sample,  viz  : 

LMoisture  (from  £8  pounds)  *  -  -  -  ^.567peT  eebt» 

Other  volatile  matter  (mean  of  four  specimens)  -      2X093     ^ 

\E}afthy:matter  (from  4, lSd.S7  pounds)        -  •      tSiSB9      <^ 

> Fixed oarbon         -  *  -  •  -  .^^56^98l— "    * 

,  TOO. 

, ,,i..  ..,1  ^,.. 

>  Vkdatile  to  fixed  combustible     -  ^  Is  S^WM 

The  above  result,  in  eatthy  matter,  derived  from  a  sample  of  two  tons, 
exhibits  a  striking  contrast  with  the  analyses  of  sii^gle  hand, specimens. 

The. clinker  is  of  a  dark  reddish-brown  color,  in  sheets  of  considerable 
'  magnittide,  somewhat  porous  ;  small  shaly  fragments  are  intermbcedi  and 
sometimes  adhere  to  the  vitrified  masses.    It  weighed  43.12  poutids  per 
cubic  foot,  and  gained  weight  by  calcination  equal  to  6.84  per  cent.,  leav- 
ing.the  powder  of  a  light  brown,  with  its  finer  par^  bright  red. 

The-weight  of  the^i^hes,  as  they  came  from  the  furnace,  was  Mi56  pounds 
per  bubic'feot ;  and  the  residue  of  their  reincineration  had  a  o<rior  nearly 
fiesh  ted, « while  that  from  the  soot  was  reddish  gray^^^^ifaade  lighter  than 
that  from  the  ashes. 

The  ashes  from  specimens  a  and  b  are  of  a  purplish^redoolor^  with  specks 
of  white. 

Tried  with  the  oxide  x>f  lead,  20  grains  of  specimen  a  gave  544.8  grains 
of  metallic  lead,  or  27.24  times  its  weight.  Deducting  moisture  and  earthy 
matter,  tfiis  gives  to  one  of  combusdbie  matter*i^l84. 

In  a  smith's  fire,  for  ordinary  work,  this  coal  afforded  a  rather  dull  com- 
bustion ;  made  a  good  hollow  fire ;  left  a  ftir  coke,  not  Tinusually  hard ; 
produced  a  large  quantity  of  cinder,  and  gave  a  tolerably  fair  heat.  ^ 

In  the  chain  shop,  it  gave  a  heavy  flame;  formed  a  coke  too  hard  to  be 
easily  broken  up,  as  ihe  work  requires ;  was  rather  hard  and  unmanage- 
able, and  left  a  large  proportion  of  cinder.  Sixty  pounds  made  but  11 
litiks  of  ft  chain*  1|  inch  in  diameter ;  white  several  other  coals,  tried  by  the 
same  workman  on  thd  same  chain,  were  found  adequate  to  the  making  of 
from  1 3  to  20  links,  by  the  Same  weight  of  coiail. 

In  grates  for  domestic  use,  this  coal  bums  with  nearly  the  same  char- 
acters as  are  found  in  thA  Virginia  coals  above  described.  In  heating  pow- 
er, it  is  exceeded  by  several  of  that  class.    The  Clover  Hill  and  Tippeca- 


dSI65 


19366;  ] 


'^^>satnple»ape<d^  bhl|^  ones  of  the  Virginia  series  which  fall  decidedly 

below  it ;  and  if  those  be  included  with  the  rest  of  the  ten  samples  from 

> Virginia/ ibe^ttiMmgo  faskshigdjpivs^erd^  a  Jiflle^^t^.tbfttV  the  sample  now 

under  consideration.    The  ten  Virginia  coals  gave  of  water  evaporated 

from  212°  to  1  of  coal,  8,4777,  and  the~Piptou^  5.4II7*  ~     ' 

The  ignition  of  this  coal  is  easily  effeeted*  It  took,  oaan  average  of  four 
trials,,  only  0.937  hovir,  or  564  minutes,  to  l^ing  the^  boQer  to  st  state  of 
:sfeady  action.  In  conformity  with  this  ftict  is  that  relative:,  to  Uie  unl^mt 
xeke,iv)iick  was,  on  an  average,  only  5.0S9  pounds  at  each  trial. 


•  / 


II  < 


.  I 


f. 
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TABLE  CLV.— PICTOU 
''  First  Mal—vpper  damper  8  inehta  open ;:  airplatp9  ep^n ; 


Ptriod  o[  itndf  Bctioti,  fiom  lOA.  40m.  a.  m.  to  6A.  p.  ql— &(.  SOm.;  c«d  supplied  to  gni^ 
764.6  lbs.;  walei  to  boiler,  S,E88  lbs.;  Hater  to  1  of  coil,  for  the  lune  time,  7,301. 
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COAL  (EROM  NEW  YORE.) 


Utam  thrown  into  chimney,  and  tmall fyrmtee  in  aetitn. 


\ 


1 


i 

a 


h*  III* 
9.35 


10.40 


11.87 

aoo 

LOO 


3.30 

3.30 

4.15 
5.00 


76.0 
76.7 

76.4 
76.4 
76.1 


X  00 

S 


S3fl 


74.4 

75.5 

73.8 
73.8 

74.6 

77.t 

76.8 
76.0 
76.9 
76.6 
76.6 
77.8 
77.8 


78.4 

T7.5 

74.4 
75.8 


117 
90 

91 
93 
96 


91 

108 

121 
140 

157 

166 

180 
179 
191 
194 
202 
203 
212 


i 


V  t0 


21 
31 
61 


64 


222 

231 

146.5 
140 


67 

74 

60 

76 

76 
66 
53 
78 
73 
96 


0.683 
1.791 


76  2.448 


64 

—22 
—14 


2.252 

2.129 

2.707 
2.638 

2.617 

1.865 

2.193 
2.702 
2.156 
1.706 
2.850 
2.857 


REMAIOCS.— Orate'^siii&ce  14,07  square  fwt;  length  of 
oircmt  of  heated  giees  l8l  feel;  h€%htof  chimiiqr  63  feet 


r  ir.   ■ 


2.622 


Wind  NE.,  light;  eleady;  commenced  firing. 

Wood  oonsamed,  115  Ihs-i  commenced  chargmg  with 

ood. 
Steam  blows  oE  .        -f    : 

Air  plates  opened;  danq>er  set  at  8  inehes. 

Commenced  drawing  gaeee  from  lo#er  flae  at  llA.  Im.  a. 
m. ;  drew  in  34.5  minutes  100  cubic  inches,  wfakh  gara 
water  L18  grain,  ctthOnic  add  6.34  grains,  oxjgea 
9.454  cubic  inches. 

Wind  8W.,  bridc;  sun  ehimng;  smoke  18  seconds  to 

chknney  to^;  syphon  0»81. 
Smoke  21  seconds  to  chimiikegrti^i^'phott  0.26;  filled  tank 

at  lA.  15i».  p.  m. 
Thk  ooal  does  not  produce  to-day  nmdi  smoke  fron 

chhnney. 
Wind  NW.,  lights  dear. 


Clinker  removed  fiom  grate  at  84.  SOm.  p.  m. 

Placed  28  lbs.  of  thia  coal  ui  dryhig  appamtas. 
WiifedSW.,  light;  desrt  filled  tank  at  SA.  JOm.  p.  m. 

Air  plates  doaed,  and  contents  of  ash  pitthiown  on  grate. 

Water  left  at  0.6  indi  above  normal  level;  damper  re- 

dueed,to  4  hiches. 
Some  fire  on  grate;  water  1.6  inch  below  normal  level. 
Water  in  boitor  adjusted. 


RESIDUA. 


Clinker       - 

Ashes         ... 

Clinker  and  ashes  behind  bridge 


Deduct  wood  ashes 
Total  waste  of  coal 


Pounds. 
65.25 
58.75 
10.05 

134.05 
0.353 

133.697 


Coke 


3.62 


*0 


Bite.- 


Aug.  31 


.1  ■ 


8ept   1 


^OWf 


tsxpsrati;rx8  of  thx 


._    ■■ 


be 

o 


A.  ni' 
A.   x. 

7.18 
7.36 


i 

h 


I-- 

.S3   ■ 


8.oe 

8.30 
8.4KI 

9^0 

10.00 
10.30 
11.00 
UiB6 
p.  X. 

o;«# 

0.30 
1.00 
1.30 
2.00 

s.sp 

3.36 


82 
84 

$7. 

88 
«0 
91 


94f«l 


4.60: 

4.80 
5.00 

Aw.M. 

5.30 
6.15 


;78  .^ 


81 


77 


82    78 


77 

78 

i79 

79 

80 

f#l 
80 


198 
197 
IMS 


96 
97 


81 
81 


97.5  81 

98   |81 

98  las 


99 


86 


100   84 


t99>iS4.6 

I 

96    81 


81 


76 


82  177 


948.^97  Bi 


196 
198 


,1 


JtM 


)3aa  62 


223 

237 

i»4« 

268 
280 
28a 
302 
304 

304 
816 


840 
342 

220 

212 


s 


C 


260 

280 

A.. 
308 
322 


370 


346 

331^ 

•872 

ad2j 

348 
343 
328 
334 
300 


322 


3M  360 


288 
280 

20a 

193 


.S 


84 
84 


84 
84 

64 


82 
«2 
Sd 
«8 

«a 

82 
88 

83 

83 

'64 

84 
84 


.S 


flO 


6 


226 
2S9 


229 
229 


Ml  82 

123064 

23085 
.229  86 
28066 
22987 


79 

78^ 
79 


30.11 

30.10 
(30.10 


79 
80 


3a  10 
30.10. 

Paaio 


226 


^9|69 


88.. 


2M 
230 
229 
280i91 


89 
90 
90 


2S062 
^»9»3 


i64 

64 
86 

66 

85 


t«»92 

^^92 
<»2«91 

216181 
212:81 


■H^ 


^ 


I- 

o 


■i 

.3 

•Mi 

o 
a 


30^10    0.543 


30.10 
30vl6 
30.10 
3a  10 

30.40 
30.09 
3a09. 
3a#6 
30.04 
3a04 

3o.oa 

30J06 


t04)6 

30.05 
80.05 

80.07 
30.08 


a 


0.'520 
0  527 


0.599 
0.543 
0.566 


0.SO3 
0.589 
0.553 
0.598 

0.533 
0  51^9 
0  523 
0.529 
0.622 
0.545 

0.587 
0.525 


0.563 

0.515 
0.505 

0.697 
0.350 


a 


7.05 

5.36 
5.30 


5.28t 

5.U 

5.02 

5.14 

5.14 
5.18 
5.04 
5.29 

5.24 
5.28 
5.34 
5.28 
535 
5.12 

• 

5.^0 
5.32 


5.34-1 

5  41 
5.52 

! 

6.56 
7.06 


-  K 

•Si. 


iO.I6 

4 

0.22 
0.261 

0.30 

aso 

0.45' 


0.36 

0.33 
0.30 
0.42 
O.30 

0.30 
0^0 
O.30 
0.30 
0.28 
0.30 

0.28 
0.26 


96 
.354 
^604 


I 


111.25 


405.00 


rSU    97.50 


■  •  •  ••■  • 


r638  169.75 
•2212 !     - 
2622      - 
3256106.75 

3506       - 
4148  1108.00 
14658  k08.25 
5075 

5329  fl  10.50 
5934 


6268 
6776 


-0.32 

0^22 
0^20 

0.16 

oa8 


7090       - 


111.25 
103.50 


7480 
7780 


8340 


I     _ 


-Period  of  steady  action,  from  9A.  15in.  a.  m.  to  3A.  35m.  p.  m<"-6A.  20m.  {  coal  f«ifpliedt» 
KMite,  758  lbs  ;  water  to  boiler,  5,756  lbs  ,*  water  to  1  of  coal,  7.5^3. 


sttffm  i^own  irttp  efnmneff^  and  ^mall  /urnact  in  -aciwn. 


L[«SS6J] 


TV 


1-^ 


t 


a 
o 


1 


hi  M. 


7Ae 


7.46 


9.15 


10.05 


11.11 


0.00 
0.55 


i.50 


9.45 
8.35 


9^: 


:| 


*-3 


75.8 

V5.e 
76.7 


75.  a 
7«.l 

« > 

77.7 

^tfi.6 

78.9 

77.5 


77.5 
77.1 
76.8 
76.7 
76.6 
78.0 


a. 


;  O 


•5 


TT 


146 

115 
1^16 


.  * 


8I.» 
80.3 


81.1 

78.0 
77.1 

74.2 
76.8 


116 
113 
116 

138 

136 
147 
157^ 
168 


174 
184 
191 
tQ4:5 

toe 

«07 

«05^ 

tl8 


".* 


■I* 


£    t« 


TT"^ 


t27 

942 

246 

139 
130 


—13 

4id4 
51 

79 

189 


o  o 

.8 


S.: 


TT 


H&MARKS.^<]hrat€t£Uxfaee  14^<>7.6qnBTe  feet^  length  of 
circiBt  o£h<at9d  gasd  121^feet;  bright  of  chimoey  63  feet 


I   ■  "J 


■/  M  '      '  w  '  ■■'  '     ■    ■  ■■' 


0.610 
LI02 


100 

116 

142 
103 

119 
114 

99 
104 

71 


102 
93 


121 

60 
64 

—16 
—19 


-b- 


2.453 

1.716 
3.041 
2.172 
2.879 

1.589 
3.401 
3.702 
2.209 
1.846 
3.305 

1.769 
2.596 


1.789 


2.066 


Commencecl  firing?  mormng  ioggy  9  wind  -  W.{  water  0. 1 

iiieh  above  iMrmal 'level. 
Wood  eonsanied,  102.5 Ibe.;  couMdeiM^dsaigipg  with  coal. 
Steam  blowf  off;  sun  flhining. 

Banijper  reduced  to ^iridiee. 

I^ing  tankt'>9<raterii(^HHIer<M  ijiefabil<»Wh«nnalleTeL 

i7Smk6He4at9*.C35m. 


9nKdie  17i6  Bet^ndv  in  reachuig^cfoiiimey  Wp^  syphon  0.35. 
Tank  partly  filled  at  lU.  40fii. 


Commenced  drawing  gases  at  Ih,  <5tmj  frcfen  lower  flue; 

(frew  in  51  sdnisilee  lOO>'cubitf  mchas»  trfuch  gave  water 

1.81  ^rain,  eai%omc>iieid   5.89  "{(rainfl^  -oxjgen  9.798 

cubic  mches. 
Wfed  W.,  bririt;  clears- dew  ^*in»,>  byibb^rvation,  76®; 

by  calcubition,  M'<6aiiieplad»^78ff.9|  vC&iker  xemoved 

from  gtate. 
Contents  ofasb  pit  thrown  on  grates  danipcir  itednced  to  4r 
lin^cs. 

FiIled1aidiat4A.  45m. 
Water  in-boiler  left  at  0.7  inch'aboi^  nonnal  level. 

Watkr  found  1.05'  inch^  below  iionnal  levoL 
Water  in  boiler  adjusted. 


RESIDUA, 


'-f         ■■!      'I 


CIMifer 
Ashes  - 


Clinker  behind  bridge 
Ashes  behind  bridge 


Deduct  wood  ashes 
Total  waste  from  coal 
Coke  - 


-66.50 
.61425 

-  0.161 
.   10.75 

138.661 
•     6.865 

- 188.296 

-  2.255 
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TABLE  CLVII—PICTOU 
Third  trial — upper  damper  4  inches  opens  atf 


i 

1                         i 

I 

1              ^ 

9 

i 

te 

s 

Sept  I 

~6.7s 

83 

77 

313 

m 

65 

313 

81 

30.08 

0.360 

.„ 

0.18 

6.67 

83 

77 

199 

393 

86 

227 

81 

80.08 

0.630 

5,36 

0,83 
0.83 

;; 

103,50 

"V.Vft 

83' 

76.5 

301 

300 

"si" 

wi 

"a'l" 

30.09 

0.638 

"sis 

7.U 
8.30 

84 
86 

77 

77  ' 

304 
213 

306 
SIS 

86 
84 

333 
331 

61 
81 

30.09 
30.09 

0.H6 
0.644 

5.13 

8.13 

0.8S 

300 

lOT.QC 
........ 

0.S3 

»oi 

«.00 

as 

78 

ISO 

330 

86 

331 

83 

30.09 

0.686 

6.19 

0.B8 

1360 

ii3.ee 

9.30 

8S 

78 

S45 

336 

85 

331 

83 

30.09 

0.637 

8.80 

0.801 

uie 

lO.OS 

SS 

79 

3ft3 

310 

82 

331 

84 

30.  LD 

0.633 

6.34 

0,35 

3133 

16II.H 

10.36 

88 

S71 

300 

83 

330 

S6 

30.10 

0.633 

6.34 

0,86 

2605 

11.00 

8S 

SO 

376 

313 

83 

831 

86 

30.10 

0.6Se 

6.  S3 

0.89 

1«6B 

1I.S5 

90 

80 

380 

310 

83 

331 

86 

30.10 

0.631 

6.26 

0.36 

3193 

105.3! 

0.00 

90 

79 

3S3 

304 

82 

331 

80 

30.09 

0.631 

6.36 

0.25 

3440 

0.30 

91 

78 

M8 

3.1 

83 

3)1 

87 

30.09 

0.539 

5.36 

0.80 

87O0 

iia.u 

1.00 

93 

79 

396 

83 

331 

87 

80.08 

0.639 

8.18 

0.33 

4138 

110.76 

1.30 

n 

79 

813 

313 

83 

831 

S8 

30.06 

0.633 

S.34 

0.39 

4556 

S.00 

94 

78 

804 

330 

84 

831 

88 

30.06 

0,637 

5.  SO 

0.25 

4SB& 

2.30 

96 

80. 

313 

318 

85 

331 

88 

30.09 

0.637 

5.30 

0.38 

6336 

106.00 

3.00 

95 

83 

316 

828 

86 

331 

89 

30.06 

0.681 

6.26 

0.28 

5468 

lOT.SS 

3.40 

94 

Bt 

S33 

330 

85 

831 

99 

3a  06 

0.531 

6.26 

0.30 

6134 

4.00 

91 

80 

3*8 

330 

86 

331 

88 

80,06 

0.636 

6.23 

0.30 

6376 

4.30 

94 

81 

3Se 

330 

86 

331 

86 

30.07 

0.639 

5.28 

0.28 

6721 

108.00 

fi.00 

94 

81 

3«4 

85 

231 

87 

30.07 

0  641 

8.16 

0-33 

7038 

6.30 

93 

80 

338 

313 

85 

330 

86 

30.07 

0.633 

6.24 

O.SO 

7381 

I0B.7t 

"'i'.wi 

» 

79 

334 

si's 

36 

Vai 

86 

30.07 

0.639 

6.28 

028 

7708 

e.is 

91 

80 

380 

315 

86 

330 

86 

30.07 

0.817 

6.40 

..» 

8188 

8q*.S 

5.36 

78 

74 

360 

313 

84 

233 

79 

30.10 

0.467 

6.98 

o.u 

8163 

6.  IS 

Bl 

76.6 

343 

311 

Jt 

318 

78 

30.10 

0.396 

6.63 

0.13 

87*3 

- 
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plates  cpen;  steam  escaping /rem  both  vahes. 
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REllARKa— Grate  mrftte  14.07  tquare  fiset;  kiig^  of  dr^ 
^t  of  heated  gaiee  121  feet;  height  o^chmmey  63  feet 


-    174^ 
T.3d|  74.7 


-  174^ 
8.401  75.5 

«    (75.5 
t.5d|  76^ 

-  '76.3 

-  177.^ 
11.00177.2 

-  (76.8 
0.30  75.5 


Wind  8W.,  light;  eommenoed  firing;  fire  in  small  fixmaoe. 
Wood  coii8cimed»  107i  ibe.;  eommeneed  diaigiiig  vnti  coal; 

coal  ignites  readily;  steam  escapes  at  7A.  12m.  a.  m. ;  damper 

then  set  at  4  inches. 
Tank  partly  filled  at  7^.  579n.  a.  m. 


Wind  E.;  cloudy;  fitting  tank  ;*water  0.3  inchbelowncurmal  lereL 

Filled  tank  at  9A.  45/».  a.  m. 

WindNE. 


1.12 


2.15 
3.00 


4.40 
6.35 


75.0 


74.6 
73.3 
75^9 
78.7 
77.5 
76.9 
77.6| 
77^ 
76.6 


203 


75.8 

76.9 

72.5 
73.5 


197 
210 
218 
221 
229 
237 
292 
340 
246 


244 

2'45 

182 
161 


81 
99 
81 
97 
99 
89 
99 

83 

82 

85 

—10 

—  7 


2.267 


2.236 
1.669 
2.437 
0.705 
2.646 
2.003 
1.298 
2.193 
1.727 

1.838 


Clinker  removed  firom  grate;  smoke  23. 5  seconds  in  reaching 
chimney  top;  syphon  0.24.  \ 

Commenced  drawing  gases  at  OA.  52fn.  p.  m.  (rom  lower  fixLt\ 
drew  in  41.5  minutes  100  cubic  inches,  which  gave  of  water 
1.31  grain,  carbonie  add  5.11  grains,  oxygen  11:25  cobic 

•inches.  The  drawing  was  interrupted  at  lA.  13m.  p.  m., 
>  and  recoimnenced  at  4  A.  51m.  p.  m.  A  moderate  volume 
of  dark  brown  smoke  from  chimney  at  charging  and  stal- 
ing. 

Filling  tank;  water  0.3  inch  below  normal  level;  wind  S£.,li^t. 

Filled  tank  at  Zk.  5m<  p.  m. ;  wind  strong,  increasing. 


Lower  daibper  open;  drawing  gates  (as  above;)  wind  SW.^ 
light 


Air  plates  closed;  contents  of  ash  pit  on  grate;  water  1.01  mch 
below  normal  leveL 


-       Water  in  boiler  adjusted. 


'A 


RESIDUA. 


Clinker 

CKnker  behind  bridge 

Ashes 

Ashes  bdiind  bridge  - 


Total  clinker  and  ashes 
Deduct  wood  ashes    - 


Total  waste  of  coal 


Pounds, 
61.00 

0.168 
81.25 
11.85 

154.268 
0.329 

153.939 


12.89 


[r3S«^:]- 


Jk^ 


Sept.  8 


8ept*  3 


TABLE  CLVIIL— PICTOU 
Fourth  trial — upper  dwnkpe/r  4  {n6kM  6pen  ;  air' 


Epiw. 


A.  x. 
6.12     81 

6.604  %% 


7.10 
7.60 

8.30 
9.00 

10.00 
10.30 
11.00 
11.30 

p.  M. 

0.00 

0.30 
1.00 

1 

1.30 
S.QO 

a.8o 


3.00 


3.80 

A.  X. 

6.60 
7.15 


■— *^—  1. 1>  11 N I )  11 

TUCfXAATUmSfi  OF  THX 


*1 


O    !> 


75.6 
7ft 


83 
86 

85 
85 
86 
87 
88 
90 
90 

91 

95 

93  l80 


94 
96 
99 


100 

95 

84 
84 


76 
77 

77 
77 
77 

77 
78 
79 
79 

80 

80.5 


80^6 

83 

83 


83 

81 

76 
76 


I 


lltfg^ 


00 


< 


343 
339J 


310 
386 
843 


60 


c 


211 
280 


M 

I 

.S 

Si 


la 

•5  1  ►• 

i  ;l 


I  ■  ■  ^1 


^•"^■•i^  •*  *  B^^T^-^^^^i^-V 


Si 
«> 

S 

o 


o 


84  318 


85 


338 


78 
79 


329 
8351 

253 
870 
377 

286 
292 
303 
310 

314 

330 
3161  * 


313)  85  \ 

3081  82 

312  83 

3031  82 

830i  63 

^30|  82 

313|  83 

310!  82 

300!  82 


290  82 


330 


390 
296 
300 


344 


310 


860  383 

358  200 
361  306r 


338 
238 

228 
228 
338 
238 
229 
230 
230 

229 

83  j  239 
83      330 


84 
84 
84 


83 

84 

84 
B4 


330 
337 
387 


227 


336    88 


215 
313 


79 
80 

80 
80 
81 

81 
82 
82 
83 

84 

85 
86 

87 
87 
88 


88 


82 
83 


30.10 
30.11 


30.13 
30.121 

30.12 
30.12 
30.13 
30.13 
36.13 
30.13 
30.10 

30.09 

30.09 
30.09 

30.08 
30.08 
30  07 


30.06 

30.06 

30.03 
30.03 


V 

B 

o 

§ 

E 


•s 


0.395 
0.540 


0.535 
0.637 


t  c 
E 

C 
>    - 


A 

is 

ex 


o 


-i- 


6.63h0.l8 

1 

S.nl  0.23 


5.%^  0.3UI 
5.3rf  0.33' 


0.587^5.30 


0.640 

0.640 

0.6401 

0.635 

0.631 

0.642 

0.636 

0.533 


0.636    6.31 


0.539 
0.517 
0617 


0.606 

0.410 
0.364 


5.17 
5  17 
5.17 
5.39 
5.36 
5.16 

5.33i 
5.34 


6.38 
5.40 
5.40i 


0.617    5.40)0.30 


5.601 

6.46 
6.931 


538 


lO&M 
104.86 


0.35  1062 

0.26  1875 

0.26]  )803 

0.24*  3051 

0.32|  3384 

0.34|  3788 

0.28  8041 


0.26 


3444 


0.26!  3778 


0.29 

0.23 
0.33 
0.20 


0.30 

0.13 
0.13 


4124 

4461 
4856 
6106 


I  5626 

6101 

6114 
6661 


105.60 
106.35 

106.26 

166.76 

106.75 
104.60 
101.75 


Poiod  of  steady  action,  from  7A.  lOm.  a.  m.  to  3A.  16m.  p.  m.  —  7A.  5m.;  coal  to  grata  fi>r 
thit  penody  736.75  lbs.;  water  to  boiler  for  the  same  time,  4,849  lbs.;  water  to  one  of  coal,  6.680. 


plates  closed;  steam  escaping  from  both  valves. 


[  38»' 3 


REMARKS.— Grate  surfiice  14.07  square  feet;  length  of 
ciiciutofheated  gases  131  feetibngklefehiomey^Sieei. 


I     ^H       .^^p^j^^i       lim  irmm^mmm»i<    .  1 1" 


•*         t  ■     t 


CammeQced  firing^;  mamAtig  clotiily;  tvin4  SW.,  light » 

water  0.1*1  ittdi  afco^eTrorttid  letel. 
Wood  consumed,  84  pounds;  commenced  charing  ^rith' 

coal;  steam  bhms  on  at  6h:  57m. 
Upper ^tetoper  rednced  tt>  4  Inches. 
FiHiid^tattk  fiit  7A.  40m- 


Cdbl  m  drying  apparatus  "Weighs  $7  pounds  5^  ounces, 
BntolBe  t6^'5  secoads  in  reachhig  diinmey  top;  syphon  0*36 . 

t.i8&    Sotoke  (thronghiotrer  dainper)  12.5  seconds  in  reaching 

chiAmey  top;  svphon  0-84. 
1.769  (  CkMnmenc«d  rawing  gases  through  loi^r  flue  at  Oh.  43^. ; 

drew  in  44  minutes  100  cubic  inches,  which  gave  water 

1.'89  grain,  caH)OBic  add  5.^  grains. 
1.786    Filled  tank  at  U.  8m. 

1.3»4  j^findSW.,  dear. 

Contents  of  ash  pit  on  grate;  dew  point,  by  observatiom, 

74*';  by  calculation,  7do.8. 
Water  in  boiler  at  1.3  inch  abore  normal  level. 

Water  in  boBer  found  at  1.97  inch  below  normal  levd. 
Water  in  boiler  adjusted: 


h H 


RESIDUA. 


Cihker 

CKnker  behind  bridge 

Aihee 

A«he0  behind, bridge  - 


eo.oeo  . 

0.146 

59^50 

9.50O 


IMdnct  wood  aahei    - 
Tdtal  waste  from  coal 

8«ot 


i283te 

0.257 


■  "    { 


4.11     , 
19.50  ., 
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TABLE  CLIX^-^DEDUCTIONS  FROM 


Experiments  oik  Pietou 


1 

2 
3 

4 
5 
6 
7 
8 
9 
10 
1 

12 
13 
14 
15 
16 
17 
18 
19 

20 
21 
22 

23 

24 

2» 

26 
27 

28 
29 
30 
31 
32 
33 
34 
35 
36 
37. 

3a 

39 
40 
41 

42 
43 
44 
45 
46 
47 


Nature  of  the  data  furnished  hj  the  reapedrre  tahles. 


Total  duration  of  the  experiment,  in  hours   ... 
Duration  of  steady  action,  in  hours  -  -  .  * 

Area  of  gmte,  in  square  feet  ...  * 

Area  of  heated  sur&ce  of  boiler,  in  square  feet 
Area  of  boiler  exposed  to  direct  radiation,  in  squaiv  feet 
Number  of  charges  of  ooal  supplied  to  grate  -  .  • 

Total  weight  of  coal  supplied  to  grate,  m  pounds      <> 
Pounds  of  coal  actually  consumed   -  •.  •  - 

Pdnnds  of  coal  withdrawn  and  separated  afier  trial,    - 
Mean  weight,  in  pounds,  of  one  cubic  foot  of  coal     - 
Pounds  of  coal  supplied  per  hour,  daring  steady  action 
Pounds  of  coal  per  square  foot  of  grate  surface,  per  hour 
Total  waste,  ashes  and  clinker,  from  100  pounds  of  coal        • 
Pounds  of  clinker  alone,  from  100  pounds  of  coal 
Ratio  of  clinker  to  the  total  waste,  per  cent.  -  .  « 

Total  pounds  of  water  suppUed  to  the  boiler  >  .  - 

Mean  temperature  of  water,  in  degprees  Fahrenheit    - 
Pounds  of  water  supplied  at  the  end  of  experiment,  to  restore  level 
Deduction  for  temperature  of  water  supplied  at  end  of  experi- 
ment, in  pounds  -  . .  - 
Pounds  of  water  evaporated  per  hour,  during  ateadj  action    * 
Cubic  feet  of  water  per  hour,  (luring  steady  action    - 
Pounds  of  water  per  square  hat  ojf  heated  surface  per  hour, 
by  one  calculation            ..... 
Pounds  of  water  per  square  foot,  by  a  mean  of  several  oheer- 

vations  -  -  -  -.- 

Water  evaporated  by  I  of  ooal,  from  intial  temp,  (a)  final  result 
Water  evaporated  1^  1  of  coal,  from  initial  temp,  (b)  during 
steady  action       ._--.. 
Pounds  of  fuel  evaporating  one  cubic  (bot  of  water    - 
Mean  temperature  of  air  entering  below  ash  pit,  during  steady 

pressure  -  -  -  -  -  ,  -  . 

Mean  temp,  of  wet  bulb  thermom.,  during  steady  pressure    - 
Mean  temperature  of  air,  ob  arriving  a|t  the^p^ite      -   ' 
Mean  temperature  of  gases,  when  arriiving  at  the  chimney 
Mean  temperature  of  steam  in  the  boiler        -  _  . 

ntettn  coifiperavUre  oi  auaeneu  rnoriuvimwur  ... 
Mean  height  of  barometer,  in. inches  -      ,      . 

Meafi  number  of  volumes  of  air  in  manometer 
^ean  height  of  mercury  in  manometer,  in  atmospheres 
Mean  height  of  water  in  syphon  draught  gauge,  in  inches 
Mean  temperature  of  dew  point,  by  calculation 
Mean  gain  of  temperature  by  the  air,  before  reaching  grate    - 
Mean  difference  between  steam  and  escaping  gases    - 
Water  to  1  of  coal,  corrected  for  temperature  of  water  in  cistern 
Water  to  1  of  coal,  from  212^,  corrected  for  temperature  of 

water  in  cistern 

Pounds  of  water^  from  212°,  to  1  cubic  foot  of  coal  - 

Water,  fix>m  212°,  to  1  pound  of  combustible  matter  of  the  fuel 

Moan  pressure,  in  atmoepherea,  i^bove  a  vacuum  .     - 

Mean  pressure,  in  pounds  per  square  inch,  above  atmosphere 

Condition  of  the  air  plates  at  the  furnace  bridge 

Inches  opening  of  damper,  (U.  upper)  .  .  • 


Ist  Tiial. 
(TMe  CLV,) 


August  30. 
22.033 
,  6.333 
14.07 
377.5 
18.76 
9.0  . 
978.50 
974.88 
3.62 
54.361 
120.77 
9.583 
13.714 
6.6911 
48.788 
7759.0 
82°.8 
782.0 

99.0 
882.36 
14.12 

2.337 

'.      2.347 
7.868 

7.301 
7.9537 

.  92°.31 
79°.08 
254°.^2 
301°.26 
229°.54 
84°*88 
30.161 
5.225 
0.5342 

0.2907 
'  750.^ 
162°.6l     . 
71°.7i     ' 
7.8258 

8.8059 
478.74 
10.2055 
1.4213 
6.2219 
Open. 
C.  8 


2d  Trial. 
(Tab.  CLVl) 


August  31. 
23.95 
6333 
14.07 
377.5 
18.76 
16.0 
1071.76 
1069.613 
2.138 
63.6876 
119.69 
8.606 
12.934 
6.2139 
46.0695 
8340.0 

550.0 

69.0 
908.88 
14.54 

2.407 

2.397 
7.733    I 


7.6936 

$.0623 

92^.59 

• 

80*>.69 

269^.125  . 

334^.6 

229°.5 

86«'.94 

• 

30.079 

•     5.210 

0.5366 

0.3077 

77^.525 

166°.536 

105M 

7.7013 

8.6668 

464.38 

9.9532 

1.4888 

* 

6.332^ 

Closed. 

' 

U.  8 

46$ 

TABLES  CLV,  CLVI,  CLVII,  CLVIII, 
coal  {from  New  York,) 


[386] 


dd  Trial. 
(T.  CLVJL) 


-*H»" 


September  1. 
28.95 
It).  00 
U;07 

,    ia75 

11,0 
1*79.5 
1166.61 
12.89 
53.614 
96.9 
6.687 
13.195 
5.2321 
39.651 
«743.0 
^M 
6T5,0 

72.0 
721.9 
11.55 

1.912 

1.893 
7.482 

7.449 
8.4096 

♦0«.33 

79<=».3l 

282^.05 

316^42 

1I»1<».0 

30.080 
5.227 
^.5349 
0^3846 
TBO.M 
191®.72 
850.33 
'      7.4609 

8*3207 
446.10 
9.5855 
1.4818 
6,-881 


8rr 


4th  Trial. 
(T.  CLYia) 

*^— »»*™*— •-■i— » • 
Septtmber  2. 
23.05 
7.083 
14^7 
377.6 
18,75 
9.0 
947.0 
942.89 
4.11 
52.611 
104.01 
t  7.892 

13.648 
6.3657 
46.658 
6661.0 
82*^.7 
647.0 

69.0 
684.59 
10.953 

1.813 

1.794 
7.009 

6  5802 
8.9171 

690.8 
78*>.87 
278®.  8 
306^.71 
228^.6 
83®.0 
30.104 
5.247 
0.6823 
0.2443 
76«.7  ' 
189<>.0 
77*.T7 
8.9803 

7.8546 
413.23 
9.0953 
1.4122 
8.8870 

U.  4 


30 


Averages. 


Remarks. 


i 


5.6895 
53.5434 
110.  .342 

7.842 
13.8712 

6.1257 
45.7916 


799.432 
12.7908 

2.1172 


7.608 

7.231 
8.3407 


268^724 
308^.702 


8.2818 

177°.466 
84^.69 
14771 

8.4117 
450.612 
9.7099 
1.4111 
6.8182 


With  damper  drawn  8  inehea,  the  fifst  trial  gMa^ 
with  a  clean  surface  of  boiler  and  flue^  aad  th» 
air  plate  open,  7.858  of  water  to  one  ofooal;  thft 
second,  with  the  same  plate  closed,  and  tnrface* 
with  one  day's  impurity  on  the  fluet,  7.733,  ob 
1.6  per  cent  Ibm. 


In  the  fourth  trial,  the  decided  inferiority  of . 

to  the  preceding  k  probably  to  be  ascribed  to^ 
editing  of  aoot  nptti  the  ffiiea,  and  the  wnfettT 
aufficMQt  drttpglit  to  hum  OMi^lfl^  the  yi«teol» 
ofopmbustion. 


..  <  *'» 


■w«^*<v«^ 
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Remarks  on  the  preceding  tctble  qf  deductions. 

This  sample  of  coal  appears^  from  the  13th  line  of  the  tabley*to  have 
yielded  a  rather  unusual  quantity  of  clinker.  In  XY\^  first  and  ^eeon^f  trials^ 
Txrhen  the  Combustion  was  at  the  mean  rate  of  120.23  pounds  per  hour,  the- 
inean  proportion  of  clinker  was  48.428  per  cent,  of  the  total  waste,  or  it 
was  6.452  per  cent,  of  the  coal  burned.  In  the  third  and  fourth  trials, 
when  the  rate  of  combustion  was  at  a  mean  of  100.45  pounds  per  hour,  the 
mean  proportion  of  clinker  to  total  waste  was  43.154  per  cent.,  or  5.799 
per  cent,  of  the  coal  burned.  The  order,  in  the  proportion  of  clinker 
throughout  the  four  trials,  follows  that  of  the  rate  of  combustion.  On  tiiree 
of  the  four  days  of  trial,  it  was  found  necessary,  in  order  to  sustain  the  rate 
of  combustion,  to  remove  portions  of  clinker  from  the  grate  before  the  con- 
clusion of  the  experiment.  The  manometer  shows  (in  table  CLV)  that  at 
5ih.  dOm.  p.  m.,  and  before  the  clinker  had  been  removed,  the  column  of 
mercury  was  only  0.525  atmosphere  in  height ;  while  at  the  commence- 
2nent  of  steady  action  for  the  day^  it  had  been  0.549.  At  3A.  20m.  clinker 
was  removed,  and  at  3A.  30m.  the  column  had  already  risen  to  0.539, 
which  height  it  retained,  with  little  variation,  for  2.5  hours.  Again:  it  will 
be  observed  that,  on  the  third  trial,  (table  CLVII,)  the  mercurial  column 
in  the  manometer  had  fallen  from  0.545,  where  it  stood  at  Ih,  45m.  a.  m., 
to  0.529  at  OA.  30m.  p.  m.,  at  which  hour  the  column  of  "  remarks^*  shows- 
that  "clinker  was  removed  from  grate.'*  At  l/i.  Om.  p.  m.  the  height 
of  manometer  was  again  up  to  0.539.  From  this,  in  the  course  of  three 
hours  and  a  half,  it  again  declined  to  0.529.  These  augmentations  of  pres- 
sure ate  to  be  understood  as  having  taken  place  without  varying  the  weights 
on  the  safety  valves,  and  merely  in  consequence  of  the  more  rapid  genera- 
tion of  steam,  and  of  the  increased  quantity  seeking  exit  through  the  lim- 
ited annular  spaces  round  the  valves. 

.  The  peiriod  of  steady  action  on  each  of  the  first  two  trials  was  the  same, 
viz :  6A.  20m.  On  the  one  at  which  the  combustion  was  conducted  with 
air  plate  open^  (August  30,)  the  evaporation  was  14.12  cubic  feet  of  water 
per  hour;  with  the  plate  dosedy  (August  31,)  the  evaporation  was  14.54 
cubic  feet  per  hour.  It  does  not,  however,  appear  that  this  greater  rapidi- 
ty of  evaporation  was  attended  with  a  correspondent  increase  in  the  econo- 
my of  fuel,  but  the  reverse  ;  for  at  lines  40,  41,  and  43^  the  numbers  in  the 
column  under  August  30  are  all  higher  than  the  corresponding  ones  in  the 
next  column,  under  August  31.  The  amount  of  the  difference  in  the  49d 
line  \water  front  212°  to  1  of  combustible  matter)  is  0.2523.  But  it  will 
be  remarked  that  the  gases  reached  the  chimney  on  the  second  trial  at  a 
considerably  higher  temperature  than  on  the  first,  the  39th  Une  showing  an 
excess  of  the  escaping  gases  over  the  steam,  of  71^.7  on  the  first,  and  105^.1 
on  the  second  trial.  The  analyses  of  dry  gases  from  the  chimney  show 
that  on  the  first  trial  they  were  equivalent  in  heat-absorbing  power  to 
18.833,  and  on  the  second  to  16.934  pounds  of  air  to  the  pound  of  yue/ 
burned.  The  water  derived  from  the  combustion  of  a  pound  of  fuel  on  the 
first  day  appears  to  have  been  0«2826  pound,  and  on  the  second  0.3416. 
The  heat  expended  on  the  dry  gases  required  in  the  combustion  of  one 
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pound  of  eombuatible  maiter  was  adequate  to  produce  0.16d3 poimdmore 
of  steam  on  the  second  day  than  on  the  first.  The  heat  employed  on  the 
wcUer  qf  combustion  pcom  one  of  combustible^  was  equivalent  to  producing 
0.097S  of  steam  more  on  the  second  than  on  the  first  day  of  trial.  The 
snm  of  these  differences  is  0.3^65,  or  a  trifle  more  thsui  the  difference  in 
the  evaporative  power  (0.2523)  actually  observed  in  the  action  of  the  boiler. 
Errors  of  observation  may  easily  account  for  the  excess. 


No.  2. 


Bituminous  coal  from  Sidney  ^  Nova  Scotia^  sent  for  trial  by  Mr,  Cunard, 
agent  for  the  General  Mining  dissociation  of  London, 

This  coal  is  of  a  slaty  structure,  cleaves  easily  parallel  to  the  surfaces  of 
deposition,  revealing  large  quantities  of  carbonaceous  clod  or  mineralized 
charcoal.  The  plies  of  shining  coal  seen  on  the  surfaces  of  the  main  part- 
ings are  generally  very  thin.  Carbonate  of  lime  occasionally  lines  the 
seams  of  the  partings,  but  not  in  large  amount.  The  sample  was  generally 
in  lumps.  It  shows  no  great  degree  of  friability,  but,  on  the  contrary,  re- 
quires considerable  force  to  break  it.  Needle-shaped  crystals  of  sulphate 
of  iron  are  sometimes  found  in  considerable  quantities  coating  the  faces  of 
the  coal.  When  reduced  to  powder,  this  coal  has  a  dark  brown  color,  and 
the  streak  it  leaves  on  white  porcelain  is  of  the  same  shade. 

The  specific  gravity  of  one  specimen  (a)  was  1.3473,  that  of  another  (b) 
1.3298;  the  mean  giving  the  calculated  weight  83.66  pounds  per  cubic 
foot. 

By  an  average  of  seventeen  (rials  at  the  time  of  burning  this  sample,  the 
actual  weight  in  the  state  of  lumps  was  47.441  pounds  per  cubic  K>ot,  or 
0.567  of  the  calculated  weight. 

To  stow  one  ton,  47.217  cubic  feet  of  space  will  be  required. 
'    By  slow  coking,  speciipen  a  lost  24.51  per  cent,  of  its  weight ;  and  by 
rapid  coking,  b  lost  29.36  per  cent. 

The  quantity  Of  earthy  matter  in  a  was  13.8S,  and  in  b  11.0S3  per  cent. 
Hence  the  proximate  constituents  are — 

'  specimen  a.        Specimen  b. 

Volatile  matter      -  -  -  -        24.51  29.360 

Fixed  carbon  -      .      -  -  -        61.61  59.557 

Earthy  matter       -  -  -  -        13.8S  11.083 

100.  100. 


Volatile  matter  to-  fixed  combustible  1 : 2.572      1 : 2.0285 

•  *  By  ezposore  in  the  drying  apparatus  during  the  experiniieuts  on  evapa- 
mtioiiy  M  ponilds  lost  14  ounces,  or  9.125  per  cent,  of  moisture.  TheVe 
were  burned  1,601.125  pounds  of  this  coal  durmg  the  two  trials;  and  the 
edies  vtthdmwQ  were  61.25,  the  clinker  36.50,  and  the  soot  6.25  pounds^ 
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After  complete  reduction  of  carbooaceoos  particles, 

The  ashes  left      -            -            •            -           -            -  52.905  ,poundf* 

The  clinker         ..-.,.  34-539      « 

Th^  soot              -            -            -            -            -            -  1.932      « 


u 


Total         -  -  .  ,  .    89.376 

From  which  deduct  for  ashes  of  431 .  75  pounds  of  furood  -       K396      ^ 

Leaves  87.980  pounds 
of  absolutely  incombustible  matter  in  the  coal,  or  5.495  per  cent  Henoe^ 
admitting  the  mean  of  the  two  determinations  of  volatile  matter  above  ex- 
hibited to  give  the  average  of  the  sample,  we  may  state  the  compositioa 
from  this  analysis  in  the  large  way  as  follows,  viz : 

Moisture  (from  28  pounds)       »            -  ^  -  3.125 

Other  volatile  matter  (mean  of  two  trials)  -  -  23.810 

Earthy  matter  (from  1,601.125  pounds)  -  -  5.495 

Fixed  carbon  (by  difference)    •            -  -  •  67.570 

100. 


Volatile  to  fixed  combustibie=l  :2.837d. 

The  ashes  from  this  coal  weighed  52.42  pounds  per  cubic  foot,  the  clinker 
40.12,  and  the  soot  3.96  pounds;  the  last  being  among  the  lightest  of  soots 
found  during  the  whole  series  of  trials.  The  volatile  and  combustible  mat- 
ter of  the  soot  amounted  to  69.089  per  cent. 

The  clinker  is  black,  compact,  in  thin  sheets,  evidently  highly  fusible, 
spreading  over  and  adhering  to  the  grate  bars,  with  some  lighter  colored 
shaly  matter  generally  encrusted  by  the  vitreous  portion.  The  fact  of  it^ 
adhesion  to  tiie  grate  was  noticed  during  the  combustion,  and  the  constant 
high  temperature  of  the  bars  evinced  that  the  iron  of  which  they  werecom- 
posed  was  undergoing  a  species  of  combustion — possibly  by  the  reactioa 
of  the  bi-sulphuret  of  iron  in  the  coal  yielding  a  portion  of  its  sulphur  to  the 
metal  of  the  bars. 

When  pulverized  and  reincinerated,  the  clinker  left  a  dark-gray  powder, 
scarcely  tinged  with  red;  the  ashes  produced  a  tint  of  red  more  distinct 
than  the  clinker,  but  the  soQt  left  a  residuum  of  the  same  color  as  that  from 
the  latter.  The  earthy  matter  from  the  two  analyses  of  hand  specimeiui 
was  almost  perfectly  white.  , 

Specimen  6,  above  referred  to,  gave,  when  treated  with  oxide  of  lead, 
25.007 -limes  its  weight  in  metallic  lead.  Deducting  1 1.083  per  cent,  of  the 
weight  of  coal  for  earthy  matter,  and  3.125  per  cent  for  nioisture,  laaves 
0.S3792  parts  of  combustible  by  which  to  divide  the  above  number  of  parts 
oftoad;  this  gives  29.148  parts  of  lead  to  1  of  combustible  matter  of  the 
coal.  The  only  uncertainty  in  this  result  is  in  the  proportion  of  moisture, 
which,  being  derived  fi;Qm  the  trial  on  28  poupds,  may  not  improbably  bs 
a  little  too  high  for  the  particular  specimen  under  analysis. 

The  quantity  of  coal  sent  in  this  sample  was  too  sisall  to  leave  may  por- 
tion for  trial  in  grates  aod  smith  shops,  after  the  two  experiments oo  evmj^ 
oraiive  pow^er  had  been  completed. 

By  a  conjparison  of  its  heating  power  with  that  of  die  preoediiigaQillli^ 
folio  ying  ?.imples.  (both  of  which  were  from  Pictou,)  it  will  be  seen  UuK 
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n^hiM  itio^  two  gave  of  water  evaporated  bf  1  of  coal  from  21:2^9,6.4117 
and  8.4848,  or  a  mean  of  8.4482,  this  gave  but  7.987.  The  dtiforence, 
OMXS^y  a  7.8^  per  cent,  of  the  said  mean.  But  as  the  amount  of  waste 
£rom  Pictou  coal  was,  on  an  average,  12.7168  per  cent.,  while  in  the  Sid- 
,  neyiMairii  was  but  6.01,  these  two  numbers  being,  respectively,  deducted 
from  100,  leave  the  proportions  of  combustible  matter  producing  the  evap- 
oration'of  the  quantities  of  water  above  designated ;  after  this  deduction,  it 
ifrtll  be  foimd  that  the  heating  power  of  the  combustible  matter  in  Pictou 
eoiiFis  represented  by  9.679,  while  that  in  the  Sidney  is  but  8.497,  and  the 
difii^ence  is  1.182,  or  12.21  per  cent,  of  the  first  number.  This  points  to  a 
disthict  character  in  the  combustible  matter  of  each  coal. 

The  steam  from  212^  to  1  cubic  foot  of  coal  by  this  sample  is  378.92 
pounds,  while  by  the  mean  of  the  two  samples  of  Pictou  coal,  it  is  434.26; 
or  Sidney  is  inferior  to  Pictou  by  12.74  per  cent 

This  coa)  ignites  promptly.  In  the  first  trial  it  was  in  pretty  active  com- 
bmtionin  12  minutes  from  the  time  of  commencing  the  charge.  It  biirns 
xa]^idly,  agglutinates  and  swells  but  slightly ;  its  coke  falls  into  small  frag- 
ments, which  facilitates  its  passage  through  the  grate,  and  tends  to  produce 
^WMte,  unless  the  interstices  be  very  narrow,  h  bums  with  a  large  and 
amoky  flame,  keeping,  as  already  mentioned,  the  grate  bars  at  a  cherry-red 
b^at.  The  mean  time  required  to  bring  the  boiler  into  steady  action  was 
1.18  hlHir,  aod  the  mean^uuouot  of  unburnt  coke  was  5.9375  pounds.  These 
ciraifuuftAnceis  indicate  great  facility  in  commencing  and  continuing  the 
eotnbuscion. 


« 
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TABLE  CLX.— SIDNEY  (N.  S.) 
First  trial — upper  damper  8  inche$  open ;  air  plates  closed^ 


Dstr. 


QepUO 


Oct  1 


Hour. 


TiMPiBAt^Rit  er  T» 


A.  M. 

6.40 
6.46 
7.16 
7.80 
7.60 


8.30 

9.00 

9.80 
10.00 
10.30 
11.00 
11.40 

p.  M. 

0.00 
0.36 
1.00 


66 

157 
57 
58 
58 


1.80 
2.08 
8.15 

A.  X. 

6.10 
7.00 


J 


54 

64.6 
56 
56 
^3 


61 

63 

66 
67 
68 
70 
71 

73 

75 
77 


76 
71 
69 

66.6 
66 


67 

59 

60 
61 
63 
62 
62 

62 
65 
66 


66 
63 
62 

64.5 
64.5 


J 


136 
130 
130 
132 
186 


143 

164 

199 
224 
246 
263 
268 


274 
283 
288 


292 
287 
286 


188 
176 


bo 


160 
224 
234 
228 
230 


I 


264 

279 

266 
280 
298 
320 
298 

311 
310 
317 


318 

270 

*2d0 

180 
178 


66 
66 
66 
66 
66 


66 

66 

66 
66 
65 
66 
66 


66 
65 
66 


66 
66 
66 

68 
68 


M 

CO 


212 
222 
227 


-s 


17961 
196  69.5 


232 

232 

232 
232 
232 
231 
232 

231 
231 
231 


69 
69 
59.5 


m 


30.19 
30.19 
30.19 
30.19 
30.19 


60   30.19 


231 


22868 


227 

210 
208 


60 

61 
62 
68 
64 
66 

66 
67 
68 


68 


67 


66.6 
67 


30.18 

30.19 
30.19 
30.19 
30.19 
30.17 

30.17 
30.17 
30.16 


0.364 
6<8B6 
0.436 
0.470 
0.630 


0.667 

0.551 

0.667 
0.660 
0.648 
0.643 
0.543 

6.543 
0.645 
0.644 


30.15 
30.13 
30.12 

29.92 
29.91 


0.633 
0.617 
0.515 

0.363 
0.853 


I 

.s 

U     1m 

a  I 

1 

9 


6.92 
6.60 
6.20 
5.86 
6  26 


6.01 

5.07 

6  01 
6.08 
5  10 
6.14 
5.14 

5.14 
5.12 
5.13 


5.24 
6.40 
6.42 

7.02 
7.02 


0.10 
0.26 
0.26 
0.24 
0.24 

0.30 

0.31 


0.82 
0.31 
0.31 
0.30 
0.30 

0.30 
0.31 
0.81 


149 


654 


0.28 
0.26 
0.20 

0.18 
0.12 


1169 
1686 
2109 
2616 
8188 

3666 
4074 
4372 


4796 
6061 
51891 

6141 

6448] 


91.75 


ioi.a»^ 

102  Jl 


i 


9%M 
92.00 
92.00 
91.60 


97.00 


Period  of  steady  action^  from  8A.  68m.  a.  m.  to  OA.  68m.  p.  m.  <->  4A.;  coal  aapplied  to  frirnace 
lor  that  timey  464.5  lbs.;  water  to  boiler,  same  poriod,  3,696  Ibe.(  water  to  1  of  coaJft  7.967. 
The  coal  of  the  lighter  charges  generally  in  lamps;  the  rest  mixed,  lumps  and  fine. 


471 

*COAL,  (FROM  CUNARD,  AGENT.) 

•'Steam  thrown  into  chimney,  and  small  furnaee  in  action. 
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«*»■ 


M,  HI* 


7.60 
•.S5 


8.68 


9.58 
lO.tO 
11.S7 
11.67 


0.68 


62.0 
6S.0 
58.1 
62.2 
47.8 


68.6 

66.8 

66.7 
66.9 
68.1 
66.9 
66.2 

66.7 
69.6 
60.3 


60.8 
68.1 
67.6 

68.6 
68.6 


80 
78 
73 
74 
77 


82 

101 

138 
167 
178 
183 
197 


202 
208 
211 


—  19 
+  28 
22 
6 
8 

82 


218 
216 
217 

121.6 
110 


1 


ii 


47 

84 
48 
66 
89 
66 

80 
79 
86 


87 

42 

3 

—  80 

—  80 


REMARKS.— Onte  torfiMe  14.07  square  feet;  length  of  dti 
cuit  of  heated  gaaea  121  feet;  height  of  chimney  68  feet 


0.909 


2.146 

2.675 
2.792 
2.241 
2.686 
2.278 

8.004 
2.807 
1.894 


2.247 
1.067 


Commenced  filing  at  8^.  a.  m. ;  morning  dear  and  cainu) 

Water  in  boiler  0.21  inch  below  normal  leyel. 

Water  in  boiler  0. 10  inch  below  normal  IotoL 

Water  at  0. 

Wood  conedmed,.  209^  lbs.;  commenced  chaijg^  widt' 
coal;  damper  8  inchea  at  8^  7m.  a.  m.;  coal  in  acthrs 
oombuBtion  12  minntes  after  charging;  aleam  blowa  oflTat 
Bk,  6m.  a.  m. ;  morning  has  become  doady. 


Steam  escaping  from  bade  Tahre. 
Sprinkling  of  ra&i;  wind  NE.,  very  light 


Filled  tank  at  Uh.  97m.  a.  m. 

Not  mudi  smoke  appears  from  chimney  top  from  this  coal.  V 

Commenced  drawing  gases  at  Oft.  42m.  p.  m. ;  drew  in  20 
minutes  100  cubic  indies,  which  gave  water  1.77  grain» 
carbonic  add  6.74  grains,  oxygen  10.928  cubic  inches. 

Fire  decreasing  rapidly;  contents  of  ash  pit  thrown  on  grate*] 

Damper  reduced  ta  4  indies. 

Cloudy;  wind  NE.,  light;  water  in  boiler  at  normal  lerd  at 
9h*  16m.  p.  m.;  dosed  damper  and  mx  port;  found  water 
in  the  morning  (Oct  1)  0.64  inch  below  normal  level 

Water  in  boiler  adjusted. 


RESIDUA. 

PoMfub. 
Xninker      -  -  -  -  -  -  •  -*  -        18.60 

Ashes         *  -  -  •  *-  -  -  -  -        87.25 

Ashes  behind  bridge 0.70 

Total  dinkey  and  ashes        r -  -        44.46 

Deduct  wood  ashes  -  -  -  -  -  --  -  -         0.^2 

Total  waste  from  coal  .•------       48.800 

Coke -  -  -         9.99S 

•sssssi 


1 9m  2 


4T« 

TABLE  CLXI.—SH»®y  (f*.  8a) 
Second  trial-^upfHT  damper  S  inches  opetv;  air  plafes^  op^nf 


Date' 


.Oft  s 


TIMPSRATVKE8  OF  THB 


Hoar. 


A.  971. 
A.    Jf. 

6.10 


bo 

Q 


I 

if 


0) 


lTT 


!  7.50 

1  8.18 

) 

I  8.30 


71 

71 
76 

74 


So 


H 

a 


.a 
g 

6 

ee 


,    9.00 

;    9.30 

10.00 

^       10.30 

]  11.00 


11.30 
p.  x. 

o.oa 

0.30 
KOO 
1,35 
3.00 
2.30 


CM.  3 


74 

76 

77 


03  I  138!  l&8i  70 


63      133,  ^4j  70 
66      137,  «61    70 


64 


78  66 

79  1  67 


3.0a 

330 

4.00 
8.00 

6.85 
7.06 


80 

82 
82 
83 
84 
84 
85 


64 

65 
65 


141    2531  70 


160,  283 


1641  298    70 


182 


ti 


70 


I 


217:  68 
228:  69 


2dlj  69 


29.81 

29.82 
29.82 

29.82 


o 
c 


•a 


I 


70 


86 

86 

87 
75 


67 
67 


67 

68 
68 
69 
69 
69 
69 


181 
204 


325!  70 
335    70 


2221  336    70 


71 

73 

75 
66 

57 
58 


t 


213 

260 
270 
28  i 
285 
292 
305 


313 

320 

317 
292 

806 
204 


3:M) 

331 
3561 


-.,. 


231  71 


70 

70 
70 


3U  70 


>350j 
358 
360 


345 

300 

274 
212 

186 
183 


70 
70 
70 


70 

70 

71 
72 

71 
71 


231 
232 
232 
232 


231 

231 
23« 
231 
232 
231 
232 


231 
230 

229 
2S9 

217 

212 


72 
74 
75 
76 


76 

76 
76 

77 
78 
78 
79 


29.82 

29.82 
29^82 
29.82 
29.82 


29.82 

90.82 
29.81 
29.80 
29:80 
?9«79 
29.78 


0.349 

0.447 
0.529 

0.535 


0.537 

0.540 
0.^89 
0.^9 
0.543 


0.536 


t- 

« 


!    S 


7.06 

6.08 
5.28 

5.22 


Q 

•r 


0.545,  5.12 


5.20 

5.17 
5.18 
5.18 
5.14 


5.21 


0.11 

0.22 
0,22 

0.28 

* 

0.30 


79 

79 

79 
76^ 

66 
65 


29.77 
29.76 

29.76 
29.77 

29.78 
29.77 


0.589  \ 

0.536 

0.543 

0.540 

0.541 


5.18 
5.21 
5.14 
5.17 
5.16 


0.527 

0.522 

0.506 
0.493 

0.380 
0  362 


5,30 

5.35 

5.50 
5.63 

6,76 
7.03 


0.30 
0.31 
0.32 
0.33 


0.31 

r 

0.38 
0.31 
0.31 
0.36 
435 
(^31 

0.30 


137 


0.29 

0.22 
0.15 

(r.l5 
a.  14 


478 

1296 
J54d 


2033 

2458 
2877 
3385 
3995 
4316 
4665 

4984 


h 


^ 

"S 


•a 


89.25 


92.50 


107  W 
82.26 


91.75 


97.50 

98.00 
89.00 


96.25 


5229  4 
5488' 


6877 


r  Pedbd  oittoddj  action,  from  %k.  53m.  a.  m.  to  2A.  35m.  p.  m.— 5%.  42m. ;  eoal  ftuppllied  to.fbft. 
iurnaccy  67f .75  lbs. ;  water  iiappUed  to  the  b<Mler,  4,614  Ibe.;  water  ta  1  of  coal  tbr  Ike  Aame  tfatt^ 
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tteam  tiroten  into  chimney, .and  tmatljumaee  in  fiction. 
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k,  wL 


8.ur 


8.63 
10.80 


11.19 


8.18 
8.87 
1.88: 


•••••«• 


68.1 

,68.1 
60.8 

88.8 

58.3 


69.5 
58  6 
59.8 
61.1 


80.7 

61.6 

81.6 

.88.8 

,68.4 

;68.4 

68.0 


**\}  65.0 

,88.8 

70^9 
8i»8 

48.8 
51.0 


67     ^24 


68 
61 

6^ 

76 


89 
104 
136 
143 


163 

178 
188 
198 
801 
888 
820 


887 
884 

■ 

880 
817 

189 
187 


It 


-H7 
33 

8S 

62 

*•«.  • .  •  < 

67 

93 

103 

104 

99 

103 
124 
113 
118 
187 
188 

114 

70 


45 

— 17 

-^1 
-^9 


0.726 

I  * • •  • %• • 

1  806 
1.695 
2.638 
1.819 


2.585 

2.225 
2.246 
2.824 
2.724 
2.117 
1.776 

1.743 

1.2C^ 

1.865 


REMARKB.r-Gnte  mr&od  14.07  square  feett  length  of 
cirattit  of  hei8e4  geees  121  feel;  height  of  chinmej  63  feet. 


Morning  dear;  wind  N  W.,  lighti  £re  made  in  small  iumaee. 
Commenced  firing  at  6A.  18m.;  water  0.37  inch  below 

normal  level. 
Water  0.5  inch  below  normal  lereL  ' 

Wood  conBMnieH,  222^  Ibo.;  commenced  charging  with 

coal;  water  0.2  inch  above  normal  level. 
Steam  blows  off;  air  plates  opened;  damper  «e^  at  8  inches 

at  8A.  50m. 


The  third  charge  of  coal  contains  one  very  large  lump. 

Wind  W.y  brisk;  clear.  Commenced  drawing  gases  at 
10&.  23iit.;  drew  in  25  minutes  100  cubic  inches;  which 
gave  water  0.91  gTain,  carbonta  acid  4.94  grains,  oxygen 
10.355  cubic  indies;  filling  tank  at  11  A.;  water  below 
nonnal  leveL 

Filled  tank  at  HA.  17m.  « 


Placed  28  lbs.  of  this  coal  in  the  drying  apparatus. 


This  coal  produces  only  a  moderate  quantity  of  smotes  fnm 
chimney;  air  plates  dosed,  and  coBtenljsof  msh  pit  thrown 
on  grates 

Damper  reduced  to  4  inches  at  3A.  20in.;  filled  tank  at 

U.  50m. 
WAtef:  in  boiler  left  at  0. 15  inch  above  normal  leveL 
Finding  -steam  just  at  eqyilibrinm,  douhia  weighted  the 

safety  valves. 
The  dinker  of  this ooal  is  solidand-  heaiy^diffiwiny  itsslf 

oircr,  and  adhering  to^  tbe  grate;  water  in  boiler  a^^^nirted' 


.  ...--.  80.0i8>' 

- -  -  .  8*.50 

Aibtfs^lMUiid  bridge     - *    0.80 

6B.«d^ 
MiM  wood  ashea -    0.882 

TiaiKn8ste8w)meoiJ'  »  - ^fi.eH 

-*f  1  ^ 

Cttb--''  ••  -  -  •  -'*  «  •  -    8.85' 

II  lit 

' 6.8d* 
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» 


9 

8 
4 
6 

7 
8 
9 
10 
11 
18 
18 
14 
16 
16 
17 
It 

19 

SO 
81 
88 

88 
U 

86 

86 

87 

88 
89 
80 
81 
88 
88 
84 
25 
86 
37 
88 
39 
40 
41 

48 
43 
44 
46 
46 
47 
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TABLE  CLXIL— DEDUCTIONS 

Experiments  on  Sidney  (Nova 


Nature  of  ^  data  fiinitihed  by  the  reapectiTe  tables. 


Total  duration  of  the  experiment,  in  hours 
Duration  of  steady  action,  in  hours         ... 
Area  of  grate,  in  square  fret       .  •  .  - 

Area  of  heated  surfrce  of  boiler,  in  square  feet 
Area  of  boiler  exposed  to  direct  radiation,  in  square  feet  - 
Number  of  charges  of  coal  supplied  to  grate 
Total  weight  of  coal  supplied  to  grate,  in  pounds 
Pounds  of  coal  actually  oonsumed 
Pounds  of  coal  withdrawn  and  separated  after  trial 
Mean  weight,  in  pounds,  of  one  cubic  foot  of  coal 
Pounds  of  coal  supplied  per  hour,  during  steady  action     - 
Pounds  of  coal  per  square  foot  of  grate  sur&oe,  per  hour  - 
Total  waste,  ashes  and  clinker,  ftom  100  pounds  of  coal  - 
Pounds  of  clinker  alone,  firom  100  pounds  of  coal 
Ratio  of  clinker  to  the  total  waste,  per  cent 
Total  pounds  of  water  supplied  to  the  boiler 
Mean  temperature  of  water,  in  degrees  Fahrenheit 
Pounds  of  water  suppUed  at  ^e  end  of  experiment,  to  re- 
store level        ..--.- 
Deduction  for  temperature  of  water  siqiplied  at  the  end  of 
experiment,^  in  poonds  .... 

Pounds  of  water  eyaporated  per  hour,  during  steady  action 
Cubic  feet  of  water  per  hour,  during  steady  action 
Pounds  of  water  per  square  foot  of  heated  surftce  per  hour, 
by  one  calcidation       -  .  -  .  . 

Pounds  of  water  per  sq.  foot,  by  a  mean  of  several  observations 
Water  evap.  by  1  of  coal,finom  initial  temp  ,  (a)  final  result 
Water  evaporated  by  1  <^  coal,  from  initial  temperature,  (b) 
during  steady  action     -  -  -  -  - 

Pounds  of  fuel  evaporating  one  cubic  foot  of  water 
Mean  temperature  of  air  entering  below  ash  pit,  during 
steady  pressure  .  -  -  -  . 

Mean  temp,  of  wet  bulb  thermom.,  during  steady  pressure 
Mean  temperature  of  air,  on  arriving  at  the  grate 
Mean  temperature  of  gases,  when  arriving  at  the  chimney 
Mean  temperature  of  steam  in  the  boiler  •  ' 
Mean  temperature  of  attadied  thermometer 
Mean^h^i^t  of  barometer,  in  inches        ... 
Mean  number  of  volumes  of  air  in  manometer 
Mean  height  of  mercury  in  manometer,  in  atmospheres    - 
Mean  height  of  water  in  syphon  draught  gauge,  in  inches 
Mean  temperature  of  dew  point,  by  calculation    - 
Mean  gain  of  temperature  by  the  air  before  reaching  grate 
Mean  difference  between  steam  and  escaping  gases 
Water  to  1  of  eoal,  corrected  for  temp,  of  water  in  cistem 
Water  to  1  of  coal,  from  818^,  corrected  for  temperature 
of  water  in  cistera       ..... 
Pounds  of  water,  from  818^,  to  1  cubic  foot  of  coal 
Water,  from818^  to  1  lb.  of  combustible  matter  of  the  friel 
Mean  {Nressure,  in  atmospheies^  above  a  vacuum  - 
Mecn  pressure,  in  pounds  per  sq.  inch,  above  atmosphere 
Condition  of  the  air  plates  at  the  frimace  bridge  - 
Inches  opening  of  duDper,  (U.  upper)     .  .  . 


Ist  Trial 
{Tabk  CLX.) 


September  dO* 

85.833 
4.6 
14.07 
877.6 
18.75 
8.6 
759.5 
755876 
8.685 
47.468 
116.185 
8.853 
5.795 
8.1564 
37.808 
.'S448.0 
65<».6 

307.0 

48:0 

984.0 
14.79 

2.447 
8446 
7.1518 

7.967 
8.7391 

69«.0      . 
6l*».6 
234**.  8 
294*.3 
83l*.6 
63<».7 
80.179 
5.694 
0.5481 
0.307 
56<>.87 
165''.8 
680.8 
7.1899 

8.158 
386.96 
8.6986 

1.4888 
6.8449 

Cloaed. 

U.     8 


8d  Trial. 
(Tbftfc  CLXI.) 


(kMer%. 

U.983 
5.7 
14.07 
377.6 
18.75 
9.0 
858.6 
845.85 
8.85 
47.417 
117.86> 
8.376 
6.886 
8.8848 
37.498 
5877.0 
70O.1 

396.0 

58.0 
807.89 
18.98 

8.14 

2.141 

6u89 

6.856 
9.0711 

80».86r 
67<>.17 
838<*.0g- 
334^06 
831«5 
75^58 
89.81 
5.171 
0.5398 
0.88 

157^.83 
i07<>.76 
6.8743 

7.88JI1 
370.9 
8.84^ 
1.4811 
«.8|i7 

Open. 

U.    8    • 
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FROM  TABLES  CLX,  CLXI. 
Seotia)  coal,  from  Cunardy  agtnt. 


* 

Aven^gefl. 

Rcnisrlu. 

* 

47^4f6 

116.967 

' 

8.8145 

\ 

MX 

' 

8JM68 

87.858 

«^J45 

' 

18.866 

d.2885 

• 

7.0900 

• 

• 

7.400 

* 

8.9051 

t 

• 

«8eM4 

:il4M9 

Thei 

{•M^  appetr  to  hate  airiTed  at  the  chimnesr,  on  the  aeoond  trial,  at  a  teMfwra^ 

tore 

40  degreae  higher  than  on  the  fint. 

1^J185 

4 

l01^665 
87^.976 
7.0071 

7.987 
878^8 
a49T4 
1.488 


The  eflkkocgr  of  the  pwni  of  oombiMtible  matter  oC  diiaoad 
than  hi  the  flnt  trial  by  8.6  per  cant 


waa  lower  is  ^  aaeond 


i*-i*i«*-i— *-^^*»*— ^*« 


I*  ■  I  ■■  ■■  *■ 


m^' 


I  sm  3  47e 


No.  3. 

Bituminous  eoalfrom  Piciou^  Nova  Scotia^  sent  by  Mr,  Cunard,  agent 

of  the  Oeneral  Mining  Association  of  London. 

The  coal  of  this  sample  is,  in  every  external  character,  entirely  similar 
to  that  from  the  same  mining  district  obtained  from  New  York.  The  spe- 
cific gravity  of  one  specimen  (a)  was  1.3155;  that  of  another,  (by)  1.3S5£. 
The  mean  of  these  malces  the  weight  of  the  cubic  foot  in  the  solid  state 
82.835  pbunds.  The  actual  weight  determined  by  20  trials  in  the  charge 
box  is  for  the  least  45.5,  for  the  greatest  52.125,  and  for  the  average  49.25 
pounds  per  cubic  foot,  or  0.5945  of  the  calculated  weight.  Hence  the 
space  to  receive  one  ton  is  45.482  cubic  feet. 

The  moisture  expelled  by  thoroughly  drying  specimen  b  was  1.079. 

The  coking  of  a  cansed  a  loss,  including  moisture,  of  26.413  per  cent* 
The  process  having  been  conducted  very  slowly,  the  powder  did  not  be- 
come agglutinated;  but  another  portion  of  the  same  powder,  suddenly  ex- 
posed to  a  bright  red  heat,  became  converted  into  a  well-formed  mass.  Of 
specimen  4,  a  portion,  coked  so  slowly  and  at  so  low  a  heat  that  the  gas 
did  not  take  fire,  exhibited  a  loss  of  27.1  per  cent.  Another  portion  of  the 
same  powder,  coked  rapidly  so  as  to  become  completely  coalescent,  lost 
•59.34  per  cent. 

The  earthy  matter  in  a  was  10.09,  in  b  11.404  per  cent.  Flence  the 
proximate  constituents  of  these  two  specimens  are — 

Specimen  a.  Specimen  b. 

Moisture        -  (not  separately  determined)  1.079 

Earthy  matter  -  -      10.090  11.404 

Fixed  carbon  -  -      63.497  61.496 


lao:  lot; 


*  •  -  ■■ 


Volatile  to  fixed  combustible       1 : 2.404  1 : 2.3633 

The  moisture  expelled  from  28  pounds  dried  in  the  steaming  apparatus, 
amounted  to  0.7812  per  cent.  The  volatile  matter,  including  moistuie, 
from  the  mean  of  the  two  specimens  above  given,  is  26.756. 

During  the  two  experiments  on  evaporation,  there  were  burned  1^968^.5 
pounds  of  this  coal,  and  the — 

Weight  of  ashes  withdrawn  was  -  -    116.00  poonds. 

Weight  of  clinker  ....    121.75      « 

f       Weight  of  soot    -  -  •  •  •        8.75^     « 

The  ashes  lost  0.04077  of  their  weight,  and  the  soot  0.60144,  bycxraieine* 
ration.  Reducing  the  weights  of  these  two,  and  deducting  1.02$  pound  for 
the  ashes  of  355.25  pounds  of  pine  wood,  we  have  left  245.481  pounds  for 
the  total  waste  firom  the  abaye  weightof  coal,  or>  1jM08^  per  oent^ 
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Frpm  these  cbu^  it;WOiiId  ;3eem  that  the  coal  is  composed  of'-— 

Moisture  (from  28  pounds)       -            -  .  .  0.7812 

Other  volatile  matter  (from  two  specimens)  -  -  25.9753 

Earthy  matter, (from  1,962.5  pounds)  -  -  -  12.5085 

-Ffied  carbon  (calculated  by  diflferisoce)  •  -  60.7350 

100. 

Volatile  to  fixed  combustible  1  :  2.6929. 

The  ashes  weighed  39.01  pounds  per  cubic  foot. 
The  clinker      "       38.00        "  « 

The  soot  ^         3.82         «  " 

When  reincinerated  or  calcined,  the  clinker  became  of  a  datkrdra)>  or 
igbt-brown  color,  the  ashes  of  a  light  reddish-gray^  ai»d  the  residue  of  the 
soot  a  light^rab  color.  The  ashes  from  analysis  of  a  were  pone  white; 
from  by  dirty  white. 

The  clinker,  as  it  came  from  the  furnace,  was  black,  vitreous,  and  porous^ 
in  masses  tolerably  friable,  and  not  apparently  pron^  to  adhere  to  the  grate. 
Much  shaly  matter  attaches  itself  to  the  vitrified  portions. 

With  the  oxide  of  lead,  specimen  b  gave  23.355  times  its  weight  in  me- 
tallic lead.  Deducting  moisture  and  earthy  matter,  we  have  left  0.87517 
of  combustible;  by  which,  dividing  the  above,  we  get  .y^«^f=:26^$86. 

For  the  reason  assigned  in  regard  to  the  preceding  sample  which  accom- 
panied this,  the  trial  in  smith's  forges  and  in. open  grates  was  tiecessarily 
dispensed  with.  This  is  the  less  to  be  regretted  in  the  present  instance^as 
the  sample  of  Pictou  coal  already  described  has  been  tested  in  the  forge; 
and  as  the  action  of  the  two  samples  is  in  other  respects  almost  identical, 
there  is  no  reason  to  doubt  that  in  this  particular  also  they  would  be  fomid 
to  coincide. 

The  mean  time  required  to  bring  the  boiler  to  a  steady  rate  of  evapora^ 
tion  was  0.85  hour,  or  51  minutes.  Tlie  weight  of  coke  left  unburnt  on  the 
grate  was  very  small,  being  on  the  first  trial  5  pounds,  and  on  the  second 
2.5.  Tlie  combustion  commenced  promptly,  and  the  flan»e  was  long,  and 
rccompanied  by  considerable  smoke.  The  large  amount  of  clinker  (mo^ 
than  50  per  cent,  of  the  total  waste)  rendered  it  necessary  to  remove  tke 
heavier  masses  within  a  few  hours  after  the  fire  was  kindled. 
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TABLE  CLXUL— PICTOU  (N.  S.) 
Fint  trial — t^per  danlper  8  inches  open;  air  plates  closed; 


Date. 


8ept27 


Hour. 


8ept38 


A.  X. 

6.S0 
7.80 


61 
60^ 


8.00 

8.30 

».00 
9.30 
10.00 
10.30 
11.00 
11.30 

p.   M. 

0.00 
0.36 
1.00 
1.80 

S.00 


2.80 
3.00 
3.40 

A.  M. 

6.00 
6.85 


TlVFimATUBIS  01  THS 


2 


I 


69 

60 

61 
68 
64 
64 
66 
65 

66 
66 
66 

68 


i 


t 
^ 


64 

58 


( 


62 

68 

63 
54 
56 
55 
66 
66 

56 
56 
56 
58 


ll 

< 


136 


137 


I 


164 


133  238 


144 

158 
162 
175 
198  318 


360 

286 

880 
286 
313 


67   67 


68 
68 
67 

60 
60 


67 
57 
56 

48 
48 


814 
330 

848 
854 
868 
874 

881 


888 
886 
289 

186 
183 


.9 

m 


75 


76 


897 
314 

895 
898 
898 
306 

318 


889 
868 
848 

184 
181 


75 

75 

76 
75 
75 
68 
68 
68 

68 
68 
69 
69 

69 


I 


18068 


887 


69 
70 
70 

68 
68 


I 


58 


830 

338 

838 
838 
881 
831 
831 
832164 

231163 


59 

59 

60 
62 
63 
64 
64 


■a 

•s 

X 


30.10 
30.18 


830 

830 
831 


230 


230 


62 
62 
62.5^ 


63 


63 


228|63 
22663 


209 
206 


56 
63 


80.14 

30.14 

30.14 
30.13 
30.14 
30.14 
30.14 
30.16 

30.15 
80.15 
30.16 
30.16 

30.16 


o 

s 

a 


^ 
i 


0.860 
0.626 


0.666 

0.662 

0.566 
0.560 
0.556 
0.641 
0.563 
0.556 


0.555 
0.666 
0.568 
0.664 

0.546. 


* 

.6 

•Sis 

'si 


•3 
> 


6.98 


6.81 


Ig 


I 


0.10 


0.S3'     - 


^1 


t 

to 

5 


4.92;  0.33;  - 


30.16  I  0.635 

30.17  0.520 
30.16    0.615 


30.25 
30.86 


0.866 
0.870 


4.95 


^  S' 


108  86 


0.38!  498 


6.02  0.36 

4.93]  0.3r 

5.02  0.36 

5.16;  0..W 


I 


6.041 
5,01 

5.08 
6.01 
5.06 
5.03 

5.11 


5.88 
6  37 
5.41 

6.96 
6.86 


0.38 
0.31 


1895 
1818 
8311 
3044 
3661 
4048 


0.30  4691 

0.30'  51861 

0.30  5683 

0.30  6838 

0.39  6666 


104.86 


96.85 
94.85 

96.76 
l03Jt5 
101.50 

98.35 


100.00) 
95.50) 


•  • • •  •  m* 


0.81!  6879 

0.20  7090 

0.18  7249 

0.17  7876 

0.18  7645 


Period  of  iteedy  action,  firom  Bh.  14m.  a.  m.  to  lA.  30m.  p.  m.— 6A.  lOm.     Coal  supplied  to 
grate  for  that  time,  785.75  lbs. ;  wflter  to  boiler  for  same  time,  6,91 1  Iba. ;  water  to  1  of  coal,  7.588. 
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COAL,  (PRPM  CUNARD,  AGENT.) 
attam  throujn  into  cMmnej/t  and  mail  Jumace  in  action. 


i 

Is 

1 

1 

■i 
i 

47.1 

4>.7 

44.S 

43.S 

44.7 
46.3 
4G.7 
46.7 
47.8 
48.3 

47.3 
4T.8 
47.3 
50.3 

U.8 

76 
73^ 

i| 

11 

RBMARKS.— Gnte  nii&ee  14.07  iqam  ftsli  IcDgth  sT 
cilciih  of  bMt«d  gue*  131  iM;  hei^t  of  dumne;  63 

Jb.  m. 
7.W 

—IB 

+  6 

30 

,- 

48ni.  >.  m  ;  n&ler  0.4  inch  bolow  xtoraui  level. 
Wood  cowumed,  SDOl  Ib^,  oaauneneod  cfaaiging  nilh 

cod;  -nlnt  double  weighted. 
SMbih  eMapea  ■!  7*.  44m.  t.  m.,  on  remoTingeilim weight. 

- 

78 

84 

91 
100 

in 

128 
146 
16G 

176 
188 
196 
206 

.14 

8,14 

9.  SO 

10.03 
10.38 
11.10 

11. S2 

0.48 
1.30 

U 

48 
64 
83 

81 
66 

83 

04 
6S 
63 
76 

82 

3.343 

4.364 
3.771 
3  611 
3.888 
3.080 
3.607 

3.407 
3.248 
3.169 
S.909 

StoMD  aJlowed  to  ewapc  from  back  Tiilve  it  8A.  *&m.  k.  m. 

Filled  tank  at  lOA.  ISm.  >.  m. 
Clinkei  ramoied  from  paW. 

Filled  tank  at  Oh.  SSm.  p.  m. 

- 

3.299 

1.136 
1.118 
0.633 

Conlenu  of  aih  pit  thrown  on  grate  at  Vt.  16in.  p.  m. 

:- 

4S0 
4S.a 
46.6 

4&.2 

330 

317 
332 

13S 
133 

59 
40 
33 

-36 
—36 

Filled  tanki  damper  ledurad  to  4  iiKlie& 

Water  in  boiler  leA  at  0. 1  inch  abaTC  nmnal  level. 

Water  in  boiler  0,7  inch  beW  normal  level. 
Water  in  boikr  Miji»««d. 

RESIDUA. 

PoumJi. 

Cfcaer       -  -  -         , 07.00 

Aitaw -         0S'60 

Adiea  bdiiod  Uidgo  ........  S.OO 

1 13.40 
Sedoct  wood  adKi  .........     0.041 

,TatalwaiW&<Hao(«! tl4.7W 

C<Ae -         POO 


C  48«  2  4S0 

TABLE  CLXIV.— PICTO0  (N;  S.) 
Second  Mal—^g>per  damper  6  inches  open;  air  plates  eptH; 


6.3G 
3*.tfl 
7.M 
B.0O 
i.3« 


9.  SO 
lO.UU 
10  30 
11.00 
11. 3S 

0.00 
0.30 
1.00 


feavi  of  tfM4f  aetuHi,  from  Oh.  atm.  a.  m.  to  lA.  60m.  p.  n.  _    _      _„ 
pite  ^tbutime,  SS0,T5  Dm.;  wtlor  to  boilei,  4,99(>.3  )b«.|  mlwto-l  ofoe*! 


T.<l«k 


:r  I 


4^1 

COAL,  (FROM  CUWARD,  AGENT.) 

steam  thrown  into  chimney,  and  small  furnace  in  action. 
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I 

* 


I 


a 

o 


h,  m* 


7.18 


1 

.S 

I 
p 


C   S   CO 


7.41 
8.30 


9.13 
9.56 

10.36 


11.22 
0.08 
1.00 

1.50 


45.2 
43.8 

46. 1 


45.0 

46.5 

48.1 
49.4 
48.5 
46.7 
46.5 
48.8 

51.0 
48.0 
40.5 
51.0 
51.7 

53.7 


Ei 


133 

117 


52.4 
53.0 
53.6 


115 

117 

123 

140 
150 
158 
168 
169 
179 

185 
194 
202 
206 
210 

216 


CO 

bo 


p 


^^H 


u 

u 


—25 

4-33 

41 

65 

•  • «  a • *  •  I 

98 


1 
J 


o 


REMARK^'— Grate  surfiicc  14^7  square  feet;  IeD|th  of 
circuit  of  heated  gases  12 1  fe^;  height  of  chimney "68  (m 


0.940 
1.361 
1.976 


217 
222 
152 


54.0  I  141 


64.0 


107 

m 

108, 

102 

110 

118 


120 
79 
42 

—23 

—25 


2.977 
2.199 
2,697 
2.946 
2.278 
1.467 

3.668  , 

2.215' 

2.426 

2.670 

1.934 


2.156 
1.318 
1.081 


Water  0.15  inch  helow  normal  level;  commenced  firingi 

witfWE.,  clear. 
Wo^Honsumed,  126  Ibs.^  commenced  charging  with  eoaL 

Air  plates  opened;  steam  escapes  at  Ih,  23m.,  at  whiolk 
time  coal  in  brisk  combustion. 


Steam  allowed  to  escape  from  back  valve  at  8A.  62m. 

Thermometer  showing  the  tcmperatdre  of  the  gases  going 
to  chimney  broken,  and  had  to  be  replaced  by  another. 


Wind  SW.,  brisk;  clear;  two  amidl  weights  on  hook 
valve;  clinker  removed  from  grate;  new  thermometer  for 
escaping  gases  in  place;  filled  tank  at  11  A.  85m. 

Clouding  up  at  OA.  60m. 

Placcd28  lbs.  of  this  coal  in  drying  apparatas. 

Except  the  last  charge,  tho  coal  burned  to-day  generaOj 

in  lumps. 
Air  plates  closed  at  2/t.  10m. 

Damper  reduced  to  4  inches;  contents  of  ash  pit  thrown 

on  gmte. 
Water  in  boiler  left  at  0  05  inch  below  normal  leveL 

Water  found  .95  inch  below  normal  level. 
Water  in  boiler  adjosted. 


RESIDUA. 


Clinker 

Ashes 

Ashes  behind  bridge 

Total  clinker  and  ashes 
Deduct  wood  ashes  - 


•  • 


Total  waste  firom  coal 

Coke 

Soot 


Poundt. 
64.75 
64.75 
2.85 

122.35 
0.887 

• 

121.963 
8.60 
8.75 
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TABLE  CLXV— DEDUCTIONS  FEOM 

Experiments  on 


1 

2 

9 

4 

5 

6 

7 

t 

9 

10 

11 

IS 

18 

14 

15 

16 

17 

18 

19 

SO 
SI 
3S 

S8 

S4 


S6 
37 

S8 
S9 
30 
31 
32 
33 
34 
35 
96 
37 
38 
39 
40 
41 

42 
43 

44 

45 
46 
47 


Nature  of  the  data  iiimiBhed  Jby  the  respective  taUee. 


Total  duration  of  the  experiment,  in  hours 

Duration  of  steady  action,  in  hours       ... 

Area  of  g:rate,  in  square  feet    -  .  - 

Area  of  heated  surface  of  boiler,  in  square  feet  • 

Area  of  boiler  exposed  to  direct  radiation,  in  square  feet 

Number  of  charges  of  coal  supplied  to  grate 

Total  weight  of  coal  supplied  to  grate,  in  pounds 

Pounds  of  coal  actually  consumed         ... 

Pounds  of  coal  withdrawn  and  separated  afiw  trial 

Mean  weight,  in  pounds,  of  one  cubic  footlr  coal 

Pounds  of  coal  supplied  per  hour,  during  steady  action  - 

Pounds  of  coal  per  square  foot  of  grate  sur&ce,  per  hour 

Total  waste,  ashes  and  clinker,  from  100  pounds  of  coal 

Pounds  of  clinker  alone,  from  100  pounds  of  coal 

Ratio  of  clinker  to  the  total  waste,  per  cent 

Total  pounds  of  water  supplied  to  the  boiler 

Mean  temperature  of  water,  in  degrees  Fahrenheit 

Pounds  of  wat^  supplied  at  the  end  of  experiment,  to 

restore  level  -  -  .  .  . 

Deduction  for  temperature  of  water  supplied  at  the  end  of 

experiment,  in  pounds  .... 

Pounds  of  water  evap.  per  hour,  during  steady  action    - 
Cubic  feet  of  water  per  hour,  during  steady  action 
Pounds  of  water  per  square  foot  of  heated  sur&ee  per 

hour,  by  one  calculation        .... 
Pounds  of  water  per  square  foot,  by  a  mean  of  several 

oboenrations  ..... 

Water  evap.  by  1  of  coal,  from  initial  temp,  (a)  final  result 
Water  evaporated  by  1  of  coal,  from  initial  temp,  (b) 

during  steady  action  .... 

Pounds  of  fuel  evaporating  one  cubic  foot  of  water 
Mean  temperature  of  air  entering  below  a^h  pit,  during 

steady  pressure         -  -  .  -  - 

Mean  temp,  of  wet  bulb  thcrmom.,  during  steady  pressure 
Mean  tenpexature  of  air,  on  arriving  at  the  grate 
Mean  temperature  of  gases,  when  arriving  at  the  chimney 
Mean  temperature  of  steam  in  the  boiler 
Mean  temperature  of  attached  thermometer 
Mean  height  of  barometer,  in  inches     ... 
Mean  number  of  volumes  of  air  in  manometer  - 
Mean  height  of  mercury  in  manometer,  in  atmospheres  - 
Mean  height  of  water  insyphon  draught  gauge,  in  inches 
Mean  temperature  of  dew  point,  by  calculation  - 
Mean  gain  of  temp,  by  the  air,  before  reaching  grate 
Mean  difference  betwe^i  steam  and  escaping  gases 
Water  to  I  of  coal,  corrected  for  temp,  of  water  in  cistern 
Water  to  I  of  coal,  from  212^,  corrected  for  temperature 

of  water  in  cdstem    .  .  -  -  . 

Pounds  of  water,  from  212^,  to  one  cubic  foot  of  coal    - 
Water,  from  212^,  to  1  pound  of  combustible  matter  of 

the  fuel        ...... 

Mean  pressure,  in  atmospheres,  above  a  vacuum 
Mean  pressure,  m  pounds  per  sq.  inch,  above  atmosphere 
Condition  of  the  ib  plates  at  the  frumace  bridge 
Inches  opening  of  damper,  (U.  ui^>er) 


Ist  Trial. 


Sd  Trial. 


{Tab.  CLXni.){Thb   CLXTT.) 


September  27. 

25.083 
6.267 
14.07 
377.6 
18.75 
10.0 
992.25 
987.25 
5.0 
49.G125 
149.212 
10.6 
11.62 
5.7655 
49.347 
7545.0 
70^.5 

270.0 

.37.0 
1122.66 
17.96 

2.974 

2.986 
7.6049 

7.622 
8.2174 

64«>.15 
55<>.08 
209°.  15 
295^.0 
231^0 
62<*.115 
30. 146 
5  0246 
.5546 
.3241 
46«.78 
1450.0 
67«.66 
7.5864 

8  6249 
•   427.9 

9.7589 
1.4389 
6.4819 

Closed. 

U.      8 


Sfplemher^S. 

24.383 
5.333 
14.07 
377.5 
18.75 
10.0 
977.75 
975.25 
2.5 
48.8875 
127.648 
9.072 
12.505 
6.6199 
52.985 
7204.0 
67«.3 

406.0 

57.0 
936.68 
14.987 

2.481 

2.498 
7.328 

7.338 
8.529 

64<>.33 
55<>.a 
2330.13 
'      330O.0 
232O.0 
590. 67 
30.249 
5.004 
.5572 
.3525 
.480.63 
I68O.8 
107<».06 
7.3148 

8.3446 
407.94 

9.6373 
1.4408 
6  5104 

Open. 

U.     8 
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TABLES  CLXIII,  CLXIV. 
Pietou  (iV.  S.)  coal,  (Cunard,  agent.) 


[  38«3 


ATeniges. 


Remtike. 


8.76 

138.43 
0.886 

12.0625 
a.  1927 

51.141 


1029.77 
16.4735 

2.7276 


7.4664 

7.43 
6.3782 


In  a  very  doee  «ppro«ch  to  Utal  combostioii,  as  well  m»  in  many  other  of  its 
ertics  and  modes  of  action,  this  sample  mionfefits  its  «iBni^  with  the  PictottCMl 

procured  in  New  York. 


The  rate  of  evaporation  with  air  plate  open  is  16.5  per  cent  less  rapid  than 
the  plate  dosed. 


I 


221<>.ll 
313<>.6 


.8383 

i 

156<».9 
87*'.33 

7.4,506 

8.4848 
417.92 

9.6461 

1.43i8 
6.4962 


Willi  the  air  plate  open,  as  in  the  acconvl  trial,  the  gases  going  to  the 
had  a  temperature  o5^  higher  than  with  the  same  plate  dbeed,  as  in  the  fiiat 
peament.  The  considerable  coating  of  soot  on  the  flues  may  have  helped 
k»vp  the  gases  at  their  high  temperature,  and  to  diminish  the  evaporative 
as  seen  in  lines  41  and  43. 

The  second  trial  bad  the  advantago  of  a  stronger  draught  than  the  first. 


<Wi 


^^fm* 
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No.  4. 

Bituminous  coal  from.  Liverpool,  England,  procured  from  Laing  6f  Raf^ 
dolph,  in  New  York,  for  comparative  experiments. 

This  coal  has  well-defined  partings,  and  surfaces  of  deposition  reiBark- 
ably  even,  along  which  fractures  very  frequently  occur.  Its  main  partings 
I  found  to  be  generally  from  85°  to  87°  inclined  to  the  horiionial  seauia. 
The  lustre  is  resinous  or  pitchy  in  some  fractures,  and  shining  in  others ; 
while  the  mineralized  charcoal  in  the  horizontal  seams  gives  them,  of  course, 
a  dull  aspect.  Few  or  no  exterior  indications  of  impurity  are  visible.  Its 
powder  is  of  a  dark  brown  color. 

The  specific  gravity  of  one  specimen  (a)  was  1.254;  that  of  another  (6) 
1.2706 ;  the  mean  of  which  indicates  78.89  pounds  as  the  weight  of  one 
cubic  foot.  Forty  trials  in  the  charge  box  gave  as  the  maximum  51.5,  the 
minimum  45.75^  and  the  average  of  the  whole  47.878  pounds  per  cubic 
foot ;  which  is  0.6069  of  the  calculated  weight. 

This  average  shows  that  46.786  cubic  feet  of  space  will  be  required  for 
one  gross  ton. 

The  moisture  in  specimen  a  was  1.758 ;  that  in  b  1.628. 

The  sulphur  in  a  was  0.3762. 

When  coked  very  gradually,  a  gave  of  volatile  matter,  including  moist- 
ure, 32.89 ;  and  when  coked  pretty  rapidly,  b  gave  36.41  per  cent,  of  the 
same  material.  Another  comparative  trial  of  the  eflfect  of  slow  and  rapid 
coking  was  made  by  coking  a  rapidly,  which  caused  it  to  lose  41,14  per 
cent.,  and  b  slowly,  whereby  it  lost  only  33.05.  Taking  tXlt  mean  of  the 
trials  by  the  two  methods,^  gives  37.015;  6gives  34.73. 

Two  specimens  tried  by  Dr.  King,  both  by  rapid  coking,  gave  40.333  for 
the  first,  and  40.625  for  the  second,  or  a  mean  of  40!479  per  cent,  of  volatile 
matter,  including  moisture. 

By  the  mean  of  four  incinerations,  a  gave  of  earthy  matter  1.12,  and  b 
^•94  per  cent. 

Hence  the  composition  of  these  two  specimens  may  be  stated  as  follows 

Specimen  a.  Specimen  h* 

Moisture             ....  1.785  1.628 

Sulphur              -            -            -            .  0.376  (not  tried.) 

Other  volatile  matter,  by  mean  of  rapid  )  ^ .  g- .  ^ .  -g^ 

ajjd  blow  coking  5 

Earthy  matter    -             -             -             .  1.120  2.940 

Fixed  carbon     ....  61.865  60.702 


100.  100. 


T[ie  volatile  to  the  fixed  combustible       1 : 1.756  1 : 1.748 

Adiuiiiing  that  the  moisture  in  the  two  samples  tried  by  Dr.  King  was 
equal  to  that  derived  from  the  28  pounds,  the  combustible  portion  would 
be  40.179 — O.S92=L:39,587  per  cent. 

During  the  trials  of  its  evaporative  power,  there  were  burned  of  this  coal 
3,786  pounds. 

The  ashes  withdrawn  amounted  to  120.5,  the  clinker  to  71.75,  and  the 
floot  10  18.25  [)ound$. 


Bj  reinemeration,  the  ashes  lost  ...  -    16.93  per  cent 

«  the  soot  •  .  .  -    71.69        ^ 

vbile  the  cUofcer  gained  a  Ullle  by  ealebatiMu 

The  ashes  of  654.74  pounds  of  wood  was  2.01  pounds. 

Making  the  reductions  here  indicated,  the  total  incombu^ble  matter  re- 
covered, and  which  was  derived  from  the  coal  alone,  was  175  pounds^or 
4.6M  per  cent.  From  these  data,  entirely  independent  of  the  above  anal- 
yses Ota  and  6,  we  have  the  composition  of  the  sample  as  follows : 

Moisture,  from  %S  pounds          ....  0.892 

Other  volatile  matter,  by  two  specimens            -           -  39.587 

Earthy  matter,  from  3,786  pounds         ...  4.622 

Fixed  carbon,  by  difference       ....  54.899 

100. 


Volatile  to  fixed  combustible     -  -  -  -  1 :  1.513 

The  earthy  residuum,  from  the  analyses  of  the  two  specimens  a  and  6, 
was  of  a  dark  brown  color.  The  clinker  was  compact,  of  a  reddish  brown 
color,  not  in  large  masses ;  vitrified,  but  containing  small  bits  of  light  slaty 
matter.  When  pulverized  and  recalcined,  it  became  of  a  deep  brown,  or 
dark  red  color. 

The  residue  from  reincineration  of  the  ashes  is  rather  lighter  red  than 
Ihat  of  the  clinker,  while  the  soot  gave  a  still  lighter  colored  ash,  hut  not 
lighter  than  that  of  ordinary  hard-burned  brick. 

The  weight  per  cubic  foot  of  the  several  residua,  as  drawn  from  the  far 
nace,  was  as  follows,  viz : 

Ashe5      ......    53.70  pounds. 

Clinker    -  -'  -  -  -  -    40.12      «• 

Soot        .  .  -  -  .  -       3.92      " 

When  tested  with  the  oxide  of  lead,  specimen  a  yielded  27.074  times  its 
weight  of  meiallic  lead ;  and  this,  after  deducting  moisture  and  ashes,  gives 
of  lead  to  1  of  combustible  27.884. 

In  the  chain  shop,  60  pounds  of  this  sample  were  sufficient  to  make  13 
links  of  a  chain  1 1  inch  in  diameter ;  gave  a  good  fire  for  the  purpose,  and 
yielded  but  a  moderate  quantity  of  cinder. 

In  the  anchor  shop,  where  it  was  tried  on  ordinary  smithes  work,  it  gave 
a  good  hollow  fire,  and  worked  in  a  manner  highly  satisfactory  in  regard 
to  its  action  on  the  iron. 

In  an  ordinary  domestic  grate,  it  takes  fire  promptly ;  bums,  as  in  the 
farnace,  with  a  long  flame,  aocompanied  with  much  smoke;  swells  up, 
and  cements  into  a  spongy  mass,  leaving  a  light  porous  coke. 

The  time  required  to  bring  the  boiler  into  steady  action  was — 

In  the  first  trial  .....  0.833  hour. 

In  the  second  trial  -  -  -  -  -  0.750    ** 

In  the  third  trial  ....  -  0.366    •* 

In  the /oufM  trial  ...  -  -  1.500    ^ 

Mean  ......    0.862    ^ 


The  weight  of  coke  left  after  each  trial  was  11.06  pounds. 
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TABLE  CLXVI.— 


First  trial    uffmi^  ilamper  ^inaku^fmn;  ait  pittUif  ^pial^ 


Ai«.95 


Hfor. 


A.  K. 

5.10 
0.80 

Y.IO 


TSMPERATURES  Or  THX 


l2 


7,%b 
8.00 

8e30 

9.00 

9.80 

10.00 

10.80 

11.10 

p.  M. 

0.00 

0.30 
l.OO 
1.80 

2.00 


9.80 
8.30 

9.45 

1.  X. 

A,S5 
5.46 


88 


78 


76 


70 


74 

77 
80 
8S 
86 
85 
86 
•7 

90 

91 
90 
9t 

91 


91 
89 

87 

76 
76 


li 


i 


s 

^ 


I 

i 


66 


67.5 


69 

TO 
72 
78 
74 
75 
75 
75 

76 

76 

76 

176 

76 


76 
76 

|75 

70 
70 


187 


130 


136 


140 

149 
178 
312 
235 
251 
267 
286 

312 

325 
332 
844 

340 


850 


200 

195 


I 

M 
to 

a 

o 


240 


237 


76  5 


78 


78 


246 

286 
312 
328 
314 
843 
322 
38176 


78 

78 
78 
78 
78 
78 
78 


324 

348 
850 


77 

76 
76 
77 


302  78 


310 


343  28482 


840  264 


19262 
192182 


82 


82 


.S 


176 


210 


230|74 


232 

282 

233 


ll 


73 


72 


74 

76 
77 
232<79 
23381 
82 
88 
232184 


932 


23283 


228 
226 


226 


39484 


22584 


214 


84 
84 
228  84.5 


22684*5 


85 


76.5 


21076 


i 

I 
I 

•r 

X 


30.12 


30.18 
30.14 


I 

n 


30.14 

80.14 
30.14 
30.14 
30.16 
80.17 
30.16 
30.16 

30.16 

30.15 
30.15 
30.16 

80.16 


3a  12 

30. 12 

30.12 

80.16 
30.16 


0.353 


0.490 
0.543 


0.546 

0.553 
0.567 
0.541 
0.647 
0.543 
0.547 
0.561 

0.547 

0547 
0.544 
0.520 

0.525 


0.508 
0.513 

0.515 

0.370 
0.352 


a 

•Si 

a 

9 
> 


7.02 


6.35 


5.14 


5.11 

5.04 
4.92 
5.16 
5.10 
5.14 
5.10 
6.06 

6.10 

5.10 
5.13 
5.37 

5.32 


6.49 

6.44 

I  5.42 

6.86 
7.03 


^ 


o^ 


s 

si 

n 


0.09 
0.90 
0.21 

0.31 


0.30 

0.48, 

C.30 

0.35 

0.34; 

0.37 

0.40 


484 
1036 
155i 
2044 
2539 

aoi4{ 

3766 


038  4796 


0.38'  53S3 
0.35'  5893 
0.97  6291 

0.9S  6940 


0.20  7180 
0.20  6899 


0^20 

0.09 
0.11 


7643 

7651 
8026 


I 

*c8 


99.76 

101.76 


101.76 

98.26 
92.50 
92.00 

98.00 

94.60 
96.00 
92.00 


fteriod  of  steady  action,  from  7^.  26m.  a.  m.  to  1*.  43>ii.  p.  m.-=6^.  18m.;  cod  sopflied  to 
for  OiiB  period,  863  lbs.;  watw  to  boiler,  mbio  time,  6,509  lbs.(  wtter  to  1  ol«oai,  7.5§t. 
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LIVERPOOL  COAL. 

attam  tkr«tiHk  into  vMfRncyy  andtmutUfitrmmet  m-MMpit. 


i 

60 
SS 
00 

|l1 

REHABKa.— Gnu  nH&oe  14.07  Mtuve  imt  hogOiaf 
dimitArheiUdgun  131  fe«ti  toight  of  chiuMjea  feet 

k.m. 
7.10 

64:0 
6S.S 
87.8 

+90 

7 

u 

"m" 

7B 
06 
SI 

00 
99 

S3 

ISO 

m 

76 

8.374 
3.B34 
8.739 
8.6i8 
3  868 
3,616 
S.666 

3.69a 

3.109 
3.70* 
1.738 

8.809 

Hemiiis  <fe«;  wind  NB,  li|)ri;  tMUMOced  bu«t  wtf* 

0. 13  lodi  below  narnml  lereL 
Ptaced  38  Ba.  of  thii  c<wl  in  kettle  to  dfj,  wrier0.9uich 

>l»*e  noimil  lovel. 
Wood  MotnmBd,  SIS}  Ib>.{  commeoMd  diargtng  wMt 

7.SA 

66.0 

06.9 
08.8 
09.6 
69.7 
71.6 
71. » 
70.9 

Tl  6 

71.3 
71.6 
70.9 

71. J 

66 

Ta 
m 

ISO 
140 

too 

IBl 
109 

sn 

S84 

sts 

sn 

849 

Coal  ignite*  prompdj;  stewi  esiqiea  at  7t.  lOm.  >.  tn.i 
nt  dampar  at  Btftchet,  tad  opttied  aii  pUtw. 

Dense  blMkniwfca  in  Iwge  toIhhiw  from  clwontj. 

brokan,  uid  teplwed  by  mother, 
Ftllodtuikat  nA.Om.  a-  m.,  smoke  SOBecoiidiin  iradf 

(ng  ehimnej'  top;  Byplwn  t>,40, 
Voluma*  of  denie  black  ranaka  from  chimney  lAar  chug- 

>t  I&,  18i».  p,  ici.;dnwin30Miniilail00ciibieincboi, 
whiohgm  water  1.37  gniii,  ewtnivie  acid  6.  S8  graim, 
mygwi  13. to  cobic  inchea. 
Filled  tank  at  SA.  86m.  p.  m. 

9.0B 

10.00 
1«.8I> 
11.04 

11. 3B 

1,18 
1.43 

; 

71.« 
71.8 

7(1.0 

67.8 
67.8 

lUW 
U4 

U3 

H4 
119 

04 
64 

89 

—23 

—IB 

I.9T1 

Ab  ptatai  doMdt  wind  E-,  light,  but  linle  materia]  from 
aih  pit  la  throw  on  gratti  at  3A.  SDm.  p.  m.  damps  r^ 
dac^loRinche., 

Water  in  boUra  Ml  at  0.3  inch  abore  nninal  l«rel. 

Water  firand  0,6  inch  below  noma)  loroL 
Water  in  b<dler  adjiWed. 

MSIDDA. 

Clinkir 33.00 

Aite*           •            - 30.30 

AdM  behind  Iwidgc -  1.47 

Tottl  clmkOT  and  aAea          ........  60.73 

Deduct  wood  tilwi    -                       .......  Afr 

Total  waate  fan  «Md            ...'.....  60.06 

C«ka -            ...  7.36 
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TABLE  CLXVIt— 
Second  irial    uj^fm  dmmpmr»mck$a^p0H;  air  phim  ch^edj- 


Dito. 


Au^.lM^ 


Aug.  37 


Hour. 


TSXPSBATUUIS  OF  THE 


il 


!1 


A.  tn. 

A.    K. 

0.45 


T.I5 
7.30 


8.00 

8.30 
9.00 
9.80 
10.00 
10.30 
11.00 
11.30 

0.00 
0.80 
1.00 


7i 

80 
79 


I 


II 


i 


O 

B 


1 


70 

7i 
76 


81 

83 
84 
86 
86 
87 
88 
91 

91 
96 
96 


76 

76 
77 


.fts 

< 


186f 
180 


S  a 

a 


.1 


i 


196  192 


S64 
274 


184  308 


208 
260 

77  i  288 


77 
77 
77 
78 

79 
80 
80 


296 
318 
337 
344 

348 
372 
382 


1.30 
2.00 
3.00 

A.  X. 

6.26 
7.00 


94 
96 
94 

79 
80 


80 
80 
79 

74 
76 


384 
386 
328 

192 
192 


336 
860 
366 
366 
360 
847 
37! 

360 
382 
348 


.a 
S 

m 


9% 

82 

82 


82 


.a 


QQ 


210 

228 
229 


342 
320 
270 

196 
194 


82 
82 
82 
82 
82 
79 

79 
78 
79 


79 
79 
83 

88 
83 


2821 

230 

229 
230 
230 
280 
230 

230 
230 
230 


76 

76 
77 


229 
228 
227 

207 
206 


77 

79 

80 
81 
81 
82 
83 
84 

86 
86 
86 


I 


A 


80.16 

80.16 
30.16 


I 


0.862 

4>.680 
0.648 


8a  16 

80.16 
30.16 
80.18 
30.18 
30.181  0.643 


0.648 

0.647 
0.550 
0.6481 
0.661 


30.17 

Ll7 


30.17 
88.18 
30.17 


7.03 

6.27 
6.14 


86 
87 
88 

80 
80 


80.17 
80.17 
80.16 

30.18 
80.18 


0.5631 
6.639 

0.646 
0.646 
0.540 


0.628 
0.621 
0.604 

0.861 
0.861 


5.14 

5.10 
6.07 
5.14 
6.06 
6.14 
6.04 
5.18 

5.12 
5.12 
5.17 


6.33 
6.86 
6.62 

7.04 
7.04 


^ 

M 


0.11 

0.23 
0.80 

0.32 


0.36 
0.40 
0.38 
0.88 
0.36 
0.40 
0.31 

0.36 
0.86 
0.83 


80 


417 


98.00 
95.75 

93.^5 


0.30 
0.29 

0.20 

0.18 
0.13 


842 
1366 
1866 
2352 
2850 
8362 
8916 


96.60 
93.25 


97.00 
92.00 
86.75 


4342 

47671   96.60 

«6266i   91.50, 


•ft. 


6699 

6042 
6192: 

6202 
6671 


Period  of  steady  action*  from  8A.  15m.  a.  m.  to  lA.  p.  m.  —  4A.  46m.     Croal  soppUed  to  grats^ 
062.6  lba.{  water  supplied  to  boiler,  4,637  Ibe.;  water  to  1  of  coal,  6.999. 
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steam  thrown  into  chimnty^  and  snuM  /umaee  in  action* 


0.90 
1.00 


76.6 
76.9 
76.9 


76.1 
76.7 
74.7 

72.1 
73.2 


—18 

-f-36 
46 

76 


267 
277 

287 


290 
289 
234 

113 
112 


106 

126 
136 
120 
117 
141 

120 
102 
118 


113 
92 
43 

—11 
—12 


I 
§ 

I: 

I 


I 


0.848 
1.786 


2.262 
2.718 
2.707 
2.676 
2.638 
2.712 
2.936 

2.267 
2.262 
2.644 


2.294 
1.817 


BBMARKa— Ortte  nrfeoe  14.07  iquamlBet;  kaglhof  flfap- 
•uit  ofhMtod  g»Mt  121  fetl;  kdght  of  davwy  63 


Comonnoed  firing;  water  in  boiler  0.2  inch  abo^ 

lerel;  wind  8W.;  dear. 
Wood  confuznedy  118j  lbs.;  comBtfnoed  charging  with 


Wind  W.{  sun  ihining. 


Smoke  (mean  of  2  obeenrations)  16 
chimney  top;  ayphon  0.40. 


in 


I 


Fined  tank  at  llh.  26fn.  a.  m. 

Commenced  drawing  gases  from  lower  damper  at  1 1  A. 
drew  in  27  minntee  100  cubic  incheiy  which  gafe 
1.07  grain,  carbonic  acid  6.81  grainiy  oxygen  9.376  enlit 
inches. 

Fire  declining;  no  smoke. 


Filled  tank;  damper  set  at  3  inches  at  %L  46ai.  p.  m. ; 

6.3  inch  aboTe  normal  level. 
Water  0.86  inch  below  normal  lerel;  momilig  dondy. 
Water  in  boiler  adjosted. 


RESIDUA. 


Cliiiker 
AAm 

Ashes  behind  bridge 


Total  chnker  and  airiies 
Dodaet  wood  ashes 


Total  wtfte  from  coal 


19.75 

24.76 

IM 

46.80 
0.3611 

46.486 


Coke 


[  a06  ] 


m 


TABLE  CLXVUL^ 


7%itd  trial — upper,  damper  4  inchet  open  ; 


Hour. 

TSXPIKATUBES  OF  THS 

1 

E 

s 

■ft 

i 

.S 

a 

> 

7.06 

1   • 

t 

0,09 

1 

Ok 

II 

Diiti. 

g           Open  air  entering 
below  aah  pit 

ll 

74 

J 

150 

• 
J 

S    S 

s 

a 

o 

• 

! 

1 

82 

1 

e 

QG 

183 

ll 

< 

79.5 

lAflilJM 

h»  m. 

A.  M. 

4.30 

30.11 

0.350 

M 

6.40 

78 

74 

144 

262 

S2 

20o|78.5 

30.11 

0.380 

6.68 

0.15 

_ 

6.38 

78 

74 

150 

260 

82 

227 

78 

30.11 

0.520 

5.37 

0.16 

97.00          1 

7.00 
7.80 

77.5 

74 

154 
160 

262 
256 

82 
88 

228 

78 

30.12 
30.12 

0.523 

5.34 

0J20 

97.  oa 

79       75 

227J78 

0.536 

5.21 

0.26 

356 

. 

8.00 

80 

76 

179 

282 

83 

228  79 

30.12 

0.534 

5.23 

0.24 

613 

— 

8.30 

82 

77 

214 

270 

82 

228Td 

30.12 

0.529 

5.28  0,21 

766 

94.60 

900 

84 

75 

247    274 

83 

22980 

30.12 

0.526 

5.31  0.22    1021 

« 

0.30 

86 

78 

286    268 

83 

22980 

30.12 

^  0.535 

5.22  0.22]   1276 

• 

10.00 

86 

78 

321 

273 

83 

229j8l 

30.14 

0.530 

5.27 

0.22 

1631 

99.  OM 

10^0 

89 

79 

344 

268 

83 

230  81 

30.14 

0.625 

5.32 

0.20 

1751 

96.00 

11.00 

90 

80 

363 

264 

83 

22981 

30.14 

0..529    5.28 

0.22 

2111 

11.30 

90 

79 

380 

276 

83 

229,82 

30.14 

0.529 

5.28 

0.21 

2371 

100.00 

p.     M. 

0.05 

91' 

79 

397 

282 

82 

230  83 

30.14 

0.531 

5.26 

0.22 

2S69 

_ 

0.30 

92 

80 

402 

292 

82 

229  83 

30.13 

0.525 

5.32 

0.22 

2872    108.00| 

1 

1.00 

95 

81 

416 

289 

82 

229  84 

30.12 

0.527 

5.30 

0.22 

3124 

« 

1.30 

95 

80 

428 

275 

82 

229  84 

30.12 

0  623 

5.33 

0.21 

3358 

96.50 

* 

S.00 

96 

81 

413 

300 

82 

229 

85 

30.11 

0.522 

5.35 

022 

3704 

-.* 

2.30 
3.00 

98 
99 

83 
83 

422 
422 

300 
296 

82 
81 

229 
229 

85 
B5 

30.10 
30.10 

0.527 
0.531 

5.30 
5.26 

0.22 

3926 

97.50 

0.22 

4254 

- 

4.00 

98 

82 

413 

83 

228 

»5 

30.  U) 

0.517 

5.40 

0.18 

4661 

«. 

\ 

5.30  1 

38 

78 

406 

254 

83 

2261 

36 

30.11 

0.493 

5«63 

0.16 

4911 

- 

Aag.39 

A.    X. 

5.45  ' 

79 

75 

220 

194 

83 

215' 

ro 

30.19 

0.407 

6.50 

0.11 

4919 

» 

• 

6.00  • 

ro 

75 

217 

196 

83 

213' 

ro 

30.18    0.370    6.86 

O.ll 

5328 

'  ^ 

'Pwlod  of  ateadj  action,  from  7A,  a.  m.  to  th.  30m.  p.  m.  —7^.  30m.;  coal  supplied  to  frunace, 
6N.5  Iba.';  water  to  boiler,  8,926  ttw.;  water  to  1  of  coal,  5^64. 
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air  ptata  closed ;  Heam  thrown  intocltimnq. 


[  S88  2 


- 

TI.7 

n 

- 

- 

_ 

T«.5 

M 

+93 

«.38 

7S.6 

72 

38 

- 

7.00 

71.95 

,e.6 

34 

- 

_ 

ra.8 

81 

SO 

1.366 

74.  B 

99 

66 

8.25 

76.3 

13S 

4a 

1.340 

71.8 

183 

46 

76.  S 

aon 

30 

1.361 

».4f 

7fi.S 

a.W 

44 

10.  S4 

78.0 

3S6 

88 

0.636 

77.B 

373 

36 

11.30 

76.0 

390 

47 

1.377 

_ 

75.6 

306 

62 

1.390 

0.31 

310 

1.388 

77.3 

331 

BO 

1.335 

1.3( 

70.9 

333 

46 

1.339 

74.8 

317 

71 

1.633 

1.30 

76.0 
7S.1 

3?4 
323 

71 

1.178 

- 

67 
63 

1.737 

_ 

78.0 

316 

- 

74.9 

319 

38 

- 

_ 

78.8 

141 

—11 

'~ 

78.S 

138 

—17 

- 

Cotumencfli}  filing;  mter  0.03  indi  below  mrdiI  b 

moming  clnndjt  nind  NE.,  light. 
Water  in  boiler  adjiuted  at  ±0.  at  200°. 
Wood  connuDcd,   307  Iba.;   caataeani    ahMging    < 

Stnin  Kowa  off  at  6^.  Mm. 


Wbd  8W.,  light;  cloudy  ■!  8A.  15™. 

WlndNE.  BteA.  607n. 

Gta  34  ncDoda  in  Feodiing  thimncr  lopi  ^pbm  0.31. 


The  three  preceding  oburraUoiM,  nitfa  tlili  on,  giro  an 
av»n^  of  1.474  lb.  of  mler  to  Ihe  tqaate  SMt  of  hcaliDg 
mu&ce.  The  imguluitf  ma  produced  by  du  lettiDf  in 
ofmtertothebmler. 

FiUedtankat  IIA.  eOm. 

Occadonal  aonibiiie. 


Coatenle  of  aah  pit  thnnm  on  gnle. 


Water  in  bmlef  adjiuted. 


IMoctmod  adiaa 
Tsid  waila  fion  OMl 


L  ^^^  J 


4^8 


TABLE  CLXIX.— 


Four  I  h  trial — uf^er  damper  S  inches  open  ;  air  plates  open  ; 


Hoor* 


TBMTBmATUmKS  OT  TBK 


ll 


Ai«.»> 


A*  fii* 

A.  X. 

6.oe 


7.00 


Aug.  30 


7.20 
8.00 

8.30 

9.00 

9.30 

10.00 

10.30 

11.10 

11.40 

p.  X. 

0.00 

0.30 

1.00 

1.35 

2.00 

8.80 


1^ 


79 

79^ 


75 

76 


8.80 
3.45 
6.40 
7.05 

A.  X. 

5.40 


80 
81 

81 

88 
83 
86 
87 
88 
87 

87 
90 
87 
89 
90 

89 


93 
87 
84 
85 

76 


76 
77 

76 

77 
76 
78 
78 
78 
78 

78 
80 
78 
80 
80 

78 


«  o 

•I 


817 

816 


79 
78 
77 
77 

74 


815 
888 

840 

878 
304 
318 
389 
343 
330 

836 
355 
358 
366 
378 

377 


bo 


s 


196 
878 


374 
375 
385 
311 

801 


301 
318 

384 

348 
334 
334 
383 
318 


390 
396 
896 
386 
408 

308 


83 

83 


336 
380 
850 
845 


83 
83 

83 

83 
83 
84 
84 
84 
81 

88 
81 
88 
88 
88 

88 


OD 


813 
887 


88 
88 
88 
83 

88 


889 
889 

889 

889 
889 
889 
889 
889 
889 

889 

839 
889 
838 
888 

888 


79 

78 


886 
226 
884 
881 

818 


78 
79 

79 

79 
79 
80 
80 
81 
88 

83 
83 
83 
83 
84 

84 


» 


80.18  0.870 


30.19 


84 

84 
81 
81 

77 


30.19 
30.19 

30.80 

30.80 

30.81 

30.81 

30.81 

30.81, 

30.81 

30.81 
30.81 
30.81 
30.80 
30.80 

80.18 


0.580 


30il8 
30.19 
30.19 
30k  19 

30.19 


0.535 
0.533 

0.543 

0.548 
0.538 
0.538 
0.538 
0.545 
0.543 

0.545 
0.543 
0.535 
0.536 
0.^33 

0.533 


0 

i 

o 


M 

o 

> 


.S 

u 


6.86 
5.36 


0.518 
0.519 
0.507 
0.471 

0.868 


5.88 
5.84 

5.14 

5.10 
5.30 
5.80 
5.80 
5.18 
5.14 

5.18 
5.14 
582 
5.80 
5.84 

5.84 


0.11 

0.81 

0.87 
0.88 

0.31 


5.45 
5.88 
5.50 
5.84 

6.94 


0.38 
0.30 
0.30 
0.30 
031 
0.33 

0..38 
0.36 
0.35 
0.33 
0.31 


0,37 

0.83 
OJ28 
0.16 
0.14 

0.00 


II 

I" 


418 


753 

1008 
1485 
1685 
8090 
8575 
3090 

3424 
8930 
4355 
4958 
5894 


6734 

6081 
0861 
6863 
6648 

6714 


'S 


1 


I 


92.50 
91.75 


91.85 


95.75 

91.75 

97.00 

97.85 
96.00 

99.00 
95.50 


Period  of  steady  action,  from  8A.  80m.  a.  m.  to  8A.  lOnt.  p.  m.=6A.  50m.;  coal  supplied  to 
giate  in  that  period,  678.85  lbs.;  water  siqypfied  to  boiler,  4,799  Ibs.{  water  to  1  of  coal,  7.138. 
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Mteam  thrown  into  chimney,  and  amatt  furnace  in  action. 


I 

i 

i 

^ 

I 

■if 

■!3 

%i 

r 

■s 

I 

1 

1 

k-m. 

- 

73.5 

138 

7.00 

74.8 

I36.S 

7.80 

71.6 

135 

73.6 

141 

8.  SO 

74.a 

169 



7S.3 

190 

9.18 

73.6 

asi 

75.6 

333 

UI.37 

7S.2 

842 

74.9 

355 

11.18 

75.3 

243 

Commenced  Gimg;  nater  U.I4  inch  •bote  normal  lanit 

moming  cloudv ;  ninil  NE. 
Wood  conBumrJ,   111  lbs.;   c»inin«iu«d   charging   with 

tatH,  gleam  escapes  it  TA.   16m. i  tit  plaMa  opened  at 

Ih.  80m. 
Dsmper  rrdarad  (a  S  inches  Bt  Hk.  SOn. 


Commenced  draning  gases  from  Tower  opening  at  ItA. 
6ni.|  drew  in  SG.6  miimtes  100  cubic  inches,  which  gave 
water  1.09  grain,  carbonic  acid  6.19  ^ma,  oijgen 
9.688  cubic  incliei. 

Smoke  18.5  second!  m  reaching  chimne;  topi  ayphonO.SS. 

Raining. 

Ceased  rmning^ 

Wind  E.,  brisk;  ann  ahining. 

Filled  tank  at  3A.  lOm. 

Air  platea  etoaed;  contents  of  ash  pit  thrown  on  giate. 
Dompur  reduced  to  3  inches;  water  left  at  0.4  inch  above 

normal  lerel. 
Water  again  brought  0.83  bich  above  normaJ  level. 


Water  in  b<Hler  adjusted. 


BESIDUA. 

Powtidl. 

ranker >3.00 

Aato S8.8B 

Aidtea  behind  bridge 1.39 

Total  clinker  and  aahes        ,,..-.--  43.64 

Deduct  wood  aahw  ...----•-  0.338 

Total  waate  form  coal           ....-.-.  43. »« 

C<4o -             -  14.60 

Soot I8» 
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TABLE  CLXX.— DEDUCTIONS  FBOM 

Experiments  on 


Nttore  of  tW  4m» 


lif  Um  mptotiv*  tablti. 


1st  Trial 
(Tab.  CLIVl) 


SdTiwL 
(Tab.  CLXVID 


1 

3 

3 

4 

6 

6 

7 

8 

9 

10 

11 

IS 

13 

U 

15 

16 

17 

18 

19 

90 
21 
22 

28 

24 

35 

26 
27 

28 
29 
30 
31 
32 
33 
84 
35 
36 
37 
36 
89 
40 
41 

42 
43 
44 
45 
46 
47 


Tot«l  duntion  of  tbe  ezperimeoty  in  hours    «.  .  - 

Dvntioii  of  stMufy  aoCioii,  in  hoiiSB  .  .  -  - 

Area  of  grate,  in  square  feet  -  -  .  • 

Area  of  heated  surface  of  boiler,  in  square  feet 
Area  of  boiler  exposed  to  direct  radiation,  in  square  feet 
Number  of  charges  of  coal  supplied  to  grate  -  *  - 

Total  weig^ht  of  coal  supplied  to  grate,  in  pounds 
Pounds  of  coal  actually  coumimed      .  .  .  - 

PoHOids  of  coal  witbdraivn  and  separated  after  trial     - 
Mean  weight,  in  pounds,  of  one  cubic  fiwt  oi  coal 
Pounds  of  coal  supplied  per  hour,  during  steady  action 
Pomub  of  coal  per  square  foot  of  grate  suriace,  per  hour 
Total  wiiiitc,  ashes  and  clinker,  irom  100  pounds  of  coal 
Pounds  of  clinker  alone,  from  100  pounds  of  coal 
Ratio  of  clinker  to  the  total  waste,  per  cent.  -  -  - 

Total  pounds  of  water  supplied  to  the  boiler  -  -  - 

Mean  temperature  of  water,  in  degrees  Fahrenheit 
Pounds  of  water  supplied  at  the  end  of  experiment,  to  restore  lerel 
Deduction  for  temperature  of  water  supplied  at  the  end  of  ex- 
periment, in  pounds  -  -  .  •  - 
Pounds  of  water  evaporated  per  hour,  during  steady  action  - 
Cubic  feet  of  water  per  hour,  during  steady  action 
Pounds  of  water  per  square  foot  of  heated  suriiBu^e  per  hoxxx^  by 

one  calculation      ---...- 
Pounds  of  water  per  square  ibot,  by  a  mean  of  serexal  ohser- 

vations     -----.- 
Water  evaporated  by  one  of  cod,  firom  initial  temperature  (a) 

final  result  -  -  -  -   "         - 

Water  evaporated  by  one  of  coal,  from  initial  ten^rature  (b) 

during  steady  action  -  -  -  -  - 

Pounds  of  fuel  evaporating  one  cubic  foot  of  water     - 
Mean  tt'inperature  of  air  entering  below  ash  pit,  during  steady 

pressure  -  -  -  -  -  .       .      - 

Moan  teuip.  of  wot  bulb  thennomctcr,  during  steady  pressure 
Mean  temperature  of  air,  on  arriving  at  the  grate 
Mean  temperature  of  gases,  when  arriving  at  the  fhimney 
Mean  temperature  of  steam  m  the  boiler         -  -  - 

Mean  temperature  of  attached  thermometer    -  .  - 

Mean  lioigbt  of  barometer,  in  inches  .  .  - 

Mean  number  of  volumes  of  air  in  manometer 
Mean  height  of  mercury  in  manometer,  in  atmospheres 
Mean  hejufht  of  water  in  syphon  drang^  gnuge,  in  inches 
Mean  temperature  of  dew  point,  by  calculation 
Mean  gain  of  temperature  by  the  air,  before  reaching  giate 
Mean  dificrencc  between  steam  and  escaping  gases 
Water  to  one  of  coal,  corrected  for  temp,  of  water  in  cistern  • 
Water  to  one  of  coal,  from  212*^,  corrected  for  temperature  of 

water  in  cistern     ----•• 
Pounds  of  water,  from  212^,  to  one  cubic  foot  of  coal 
Water,  from  2 1 2^,  to  one  pound  of  combustible  matter  of  the  fuel 
Mean  pressure,  in  atmospheres,  above  a  vacuum         -  •• 

Mean  pressure,  in  pounds  per  square  inch,  above  atmosphere   - 
Condition  of  the  air  plates  at  the  furnace  bridge 
Inches  opening  of  diunpor,  (U.  upper)      -  •  - 


^Ii^^u8^25. 
24.583 
6.30 
14.07 
377.5 
18.75 
11.0 
1057.5 
1050.25 
7.25 
48.067 
186.98 
9.735 
4.766 
2. 1585 
45.295 
8026.0 
77.8 
375.0 

48.6 
1036.99 
16.592 

2.746 

2.765 

7.696 

7.569 

8.228 

85^.46 
74^.08 
259<>.3 
817M7 
230^5 
81^23 
30.153 
5.127 
0.5445 
0.350 
70M1 
1 78«'.84 
9lM 
7.5698 

8.5546 
411.20 
8.9827 
L4424 
6.5334 
Open. 
U.     8 


AuguMt  28. 
2').  25 
4.75 
14.07 
377.6 
18.75 
10.0 
941.5 
939.25 
5.25 
47.225 
139.47 
9.912 
4.798 
2.0868 
43.138 
C671.0 
^80.9 
469.0 

59.0 
976.2 
15.016 

2.585 

2.569 

7.089 

6.999 
8.879 

87<>.73 
77^55 
302^.45 
346°.  55 
230'>.1 
8i«».09 
30.165 
5.116 
0.5454 
0.360 
74^.43 
.     2U°.72 
120^55 
7.013 

7.9086 
373.25 
8.3030 
1.4462 
6  5905 
Closed. 
U.       8 
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<Tib.  CLXVm.) 

August  U8. . 
»5.5U 
7.60 
14.07 
877.5 
18.76 
9.0 
880.5 
868.25 
17*25 
48.0165 
91.533 
6.505 
5.972 
1.8303 
30.647 
5323.0 
82^.4 
403.0 

51.0 
523.46 
8.376 

1.386 

1.385 

6.107 

5.864 
10.2342 

89*>.6 
78<'.87j 
33r*.25 
279«.06 
228*>.875 
81°.87 
80  124 
5.2825 
O.J>287 
0.2206 
75M8 
247«.75 
49^.2 
6.0826 

6.8508 
335«09 
7.^854 
1.4015 
5.9294 
OlOtfed. 
U.      4. 


4ttiTml. 

(Tab.  CLXIXO 


AttgUii  29. 
23.667 
5.833 
14.07 
377.5 
18.75 
10.0 
947.76 
033.25 
14.50 
47.3875 
1)5.249 
8.191 
4.634 
1.3812 
89.838 
6714.0 
82<'.0 
66.0 

60 

822  73 
13.16 

2.179 
2.177 

7.185 

7.138 
8.6987 

850.8 
77^87 
315^8 
355^07 
228^.80 
8l°.13 
80.20C 
5.181 
0..'S391 
0.3263 
7f  .39 
230^.0 
131^.8 
7. 1 .569 

8.0595 
351.91 

8.451! 

1.4374 

6.4695 
Open. 
U.     8. 


ATortgetf. 


11.062 
47.899 
120.807 
8.5858 
5.0425 
1.8648 
87.2296 


Rensxloi. 


889.802^ 
13.435 

2.224 


6.9818 

6.8925 
9.01 


303«.7 
324«».462 


03142 

216<>.57 
111*^.412 
6.9862 

7.842 
375.862 
8.2553 
1.4818 
6.3782 


The  coke  left  on  tbe  thiid  uial,  whea  the  damper 
was  but  four  inches  open,  was  nearly  8}  tunee  as 
much  as  in  the  prece<ling  trial. 


The  effect  otVIobed  air  plate  and  a  four-inch  damp- 
er is  very  distinctly  manifested  in  the  third  trisd, 
diminishing  the  efficiency  of  the  Aiel  by  aboul 
one  seventh  part  of  its  whole  amount. 


The  gases  arrived  at  the  chimney  at  the  highest 
temperatate  in  the  fourth  trial,  when  tiie  greateaC 
accumulation  of  soot  was  on  the  absorbing  rurfaees* 
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Remarks  on  the  preceding  iaUe  t^dmhteti^nsi 

In  examining  the  second  and  third  columos  of  this  table^  it  will  be  ob- 
served  that  the  rate  of  combustion  with  a  4-inch  damper  was  but  6.505 
pounds  per  square  foot  of  grate  per  hour ;  while  on  the  preceding  trial,  with 
an  S-inch  damper,  it  had  been  9.9X2  pounds.  Hence  the  diminution  in 
combustion,  by  throttling  tbe  smoke,  was  34.2  per  cent.  The  1 3th  line 
shows  that  on  the  third  trial  (with  a  4inch  damper)  the  total  waste  was 
.5.97  per  cent,  of  the  coal;  whereas  the  second  trial  had  yielded  but  4.80 
per  cent,  or  the  augmentation  of  waste  was  24  per  cent,  of  the  latter 
number. 

The  rate  of  evaporation  fell  from  2.585  pounds  per  square  foot  of  heated 
surface  per  iiour  (as  seen  in  line  22)  on  the  second  trial,  to  1.386  o^  the 
third.  The  loss  in  rapidity  of  evaporation  is  46.3  per  cent ;  from  this  de- 
ducting the  loss  in  rapidity  of  combustion,  we  obtain  12.1  per  cent,  as  the 
actual  loss  in  useful  effect  of  the  fuel.  This,  it  will  be  observed,  is  obtained 
from  the  approximate  results  derived  from  the  period  of  steady  action. 

The  same  conclusion  follows,  however,  from  data  entirely  independent 
of  the  preceding.  Tluis  the  43d  line  shows  that  on  the  second  trial  the 
■unit  of  combustible  matter  evaporated  from  212*^,  8.302  of  water,  and  on 
the  third  trial  only  7.2854  j  the  difference,  1.0166,  is  12.2  per  cent,  of  the 
larger  number. 

The  air  reached  tlie  grate  at  a  temperature  337.25 — 302.45=34*'.8  hotter 
on  the  third  than  on  the  second  day  of  trial — an  effect  due  to  its  slower 
movement,  and  the  consequent  higher  temperature  of  the  inner  walls 
through  which  it  received  its  heat.  This  shows  that  the  higher  tempera- 
ture of  the  air  which  supphes  the  furnace  is  not  alone  sufficient  to  secure  a 
more  perfect  combustion.  * 

It  also  appears  that  the  gases  left  the  boiler  and  passed  into  the  chimney 
*  on  the  second  day  of  trial  at  346°. 55,  and  on  the  third  at  279*^.06  ;  so  that 
they  did  not  carry  away  morcy  but,  on  the  contrary,  67.5  less  heat  in  the 
latter  case  than  in  the. former. 

The  imperfection  of  combustion,  consequent  on  a  want  of  sufficient  air 
to  consume  the  gaseous  products,  is  here  the  obvious  source  of  inferiority 
in  result.  Both  the  second  and  the  third  trials,  it  will  be  observed,  were 
made  with  air  plate  closed. 

A  comparison  of  the  Jirsl  with  the  fourth  trial  sliows  what  effect  is  to 
be  attributed  to  the  soot  of  the  flues  from  three  days'  operations  in  dimin- 
ishing  evaporative  efficiency.  Both  trials  were  made  with  air  plate  open, 
and  the  upper  damper  drawn  8  inches.  The  coal  burned  per  hour  on  the 
first  day  was  136.98,  and  on  the  fourth  115  25  pounds.  The  difference 
is  15.«  per  cent  of  the  former  number.  The  rate  of  evaporation  was 
16.592  cubic  feet  per  hour  on  the  first,  and  13.16  on  the  fourth  trial.  The 
difference,  3.432  cubic  feet,  is  20.7  per  cent  of  the  larger  number,  Frfnn 
this  deducting  15.8,  the  remainder,  4.9,  indicates  the  loss  of  useful  effect  of 
the  fuel  in  consequence  of  the  imperfect  conduction  of  the  coating  of -the 
boiler  and  flues.  This  is  a  result  from  the  observations  during  the  period 
of  sieSdy  action.  In  line  43  is  found  8.9827  in  the  column  of  tne  first,  and 
8.4511  in  lhi\t  of  the  lourih  trial.  The  differenceof  these,  0.5316,  is  5.9per 
cent  of  the  larger  number.  The  approximate  result  from  steady  action,  and 
that  from  the  final  amount  of  evaporation,  again  confirm  each  other  in  their 
general  indication,  and  differ  but  by  1  percent  in  the  proportion  of  loss. 


.    No.  5. 

BUummo(U8  coal  from  Newcasilej  England^  procured  for  cpmparaiive 
..    paptriments,  from  ^Messrs.  Laing  4*  Randolph^  cf.New  |^or*. 

In  many  of  its  external  characters^  this  coal  strongly  resembles  the  Mid- 
lothian and  Chesterfield  coals  of  the  RkhuMHid  district.  Its  plumes  of  de- 
position are  not  always  followed  by  the  cleavages  in  that  general  direction. 
Some  nnevcnness  frequently  occurs,  revealing  conchoidal  surfaces  of  a 
pitchy  appearance.  The  main  partings  are  mostly  at  right  angles  to  the 
horizontal  seams.  Scales  and  laminae  of  carbonate  of  lime,  and  probably 
of  magnesia,  exist  throughout  the  partings.  They  effervesce  moderately 
with  nitric  acid.  Suiphuret  of  iron  is  seen  in  contiguity  with  this  earthy 
deposite.  "When  reduced  to  ap  impal[)able  powder,  this  coal  has  a  light 
brown  color,  indicative  of  high  bituminousness. 

The  specific  gravity  of  one  specimen  (a)  was  found  to  be  1.2844;  that 
of  another,  (&,)  1.2291 ;  the  mean  of  the  two  giving  the  calculated  weight 
pec  «ubic  foot,  76.54  pounds. 

Forty  trials  in  the  charge  1k)X,  of  which  the  least  result  was  48.375,and 
the  gveatest  53,  afforded  an  average  of  50.8218  pounds, per  qubic  foot,  or 
0.647  of  the  calculated  weight.  The  space  required  for  ope  ton  is,  conse- 
quently, 44.07$  cubic  feet. 

In  speoimen  a  the  moisture  was  0.993,  and  in  b  0.926  per  cent. 

Twenty-eight  pounds  dried  in  the  steaming  apparatus  for  four  days  lost 
9  ounces,  or  2.007  per  cent. 

The  sulphur  obtained  from  b  was  0.23  per  cent.  Of  volatile  matter  other 
than  moisture,  a  gave  33^597 ;  and  6,  by  the  mean  of  two  trials,  gave  40.355 
of  volatile  matter,  iDcIuding  moisture  and  sulphur.  , 

The  earthy  residuum  of  a  was  3.75,  that  of  b  1.85  per  cent. 

Hence,  the  proximate  constituents  of  these  two  specimens  may  be  stated 
as  follows : 

Specimen  a.  Specimen  b. 

Moisture     -            -  -  -  0,993                0.926 

Sulphur      -            -  .    -  -  (not  tried)            0»230 

Other  volatile  matter  -  •  33.557  39.199 . 

Earthy  matter         -  -  -  3.750                1.850 

Fixed  carbon          -  -  -  61.700  57*795 


100.  100. 


Volatile  to  fixed  combustible         -    1:1.8387         1:1.4744 

iltie  pasty  state  into  which  the  coal  is  brought  during  the  coking  process^ 
Mses  portions  oftgas  to  become  temporarily  confined  within  the  semi-^uid 
mass.  When,  at  length,  these  become  sufficiently  elastic  to  burst  the  en- 
closure, jets  of  flame,  acoompaoied  with  smart  ei^plosions,  and  possessing 
a  high  illuminating  power,  are  frequently  observed.  In  these  analyses  it 
was  found  expedieiit  to  confine  the  lid  of  the  platinum  crucible»^ci  avoid 
its  being  thrown  off  by  the  cause  just  referred  to. 

The  total  vcdatiie matter  from  twospeciniens  tried  by  Dr.  King  was  ^9.083 
and  di.l95,  respeotirely^  or  a  mean. of  37.604.  Combined  with  the  two 
libove  given,  this  result  would  afford  for  the  total  volatile  iixatter  37.528. 

32 
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• 

Daring  four  trials  of  eraporatiTe  power^  there  were  burned  4,033  lbs.  ef 

this  coal,  yielding,  of — 

'  ^shts   ...-•.        104.76  Ibe. 
Clinker  -  -  ^  -  -  .        126.00    ** 

Soot      --..--  16.25    ^ 

The  incombustible  matter  in  the — 

Ashes,  was       .....  8^.377  lbs. 

Clinker             .....  126.000   <^ 

Soot      ......  4.331    u 


Total  .  -  .  -  .     219.758    " 

Deductasbesof  822.75  lbs.  of  wood      -  -         2.526    <' 


And  there  remain  of  incombustible  matter  of  the 

coal   -  -  .  -.  .  .  -      217.232    <^ 

=  5.3997  per  cent 

From  these  data,  we  may  infer  that  the  sample  had  the  following  prox- 
imate constituents : 

Moisture,  (from  drying  28  lbs.)      ...  2.007 

Other  volatile  matter,  (from  two  trials  by  Dr.  King)  35.597 

Earthy  matter,  (from  4,023  lbs.)    ...  5.400 

Fixed  carbon,  (calculated  by  difference)     -            -  56.996 


100. 
Volatile  to  fixed  combustible  1 : 1.6011. 

The  ashes  derived  from  this  sample  weighed  51.11  lbs.  per  cubic  foot;  the 
clinker,  38.25 ;  and  the  soot  (which,  with  a  single  exception,  is  the  lightest 
obtained  from  any  coal  examined)  weighed  but  3.7  lbs.  per  cubic  foot. 

The  clinker  is  in  thin  sheets,  of  a  dark  color,  with  small  portions  of  slaty 
residuum,  whitening  the  otherwise  nearly  black  compact  vitrified  masses. 
It  is  highly  fusible,  and  adheres  to  the  grate. 

By  means  of  the  oxide  of  lead,  specimen  b  produced  the  reduction  of 
26.785  times  its  weight  of  metallic  lead ;  which,  after  deducting  2.776  parts 
for  moisture  and  ashes,  gives  for  one  of  combustible  matter  in  the  coal 
27.55  times  its  weight  of  lead. 

This  coal  was  submitted,  in  addition  to  the  above  trials,  to  the  following 
analysis : 

Forty  specimens  were  selected  from  the  different  casks — about  an  equal 
number  from  each.  A  small  fragment  was  detached  from  each  specimen, 
and  the  whole  were  pulverized  together.  Of  the  fine  powder,  55.9  grains 
were  placed  on  a  platinum  capsule,  to  incinerate  in  the  muffle  of  an  assay 
furnace,  where  it  became  completely  reduced,  leaving  only  2.1  grains,  or 
3.756  per  cent,  of  waste. 

Of  the  same  powder,  )02.5  grains  were  thoroughly  dried  at  a  tempera- 
ture below  250^,  losing  thereby  1.38  grain,  or  1.346  per  cent. 

TJ)e  same  portion,  closely  covered,  was  then  coked  slowly,  and  finally 
kept  for  some  time  at  a  full  red  heat  in  the  muffle,  till  all  inflammable  mat- 
ter had  ceased  to  escape :  after  which,  it  weighed  72.1  grains. 

This  shows  that  the  total  volatile  matter,  by  this  mode. of  treatiaeiit,  is 
29.658  per  cent.  .  '  i 
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Hence,  the  prpximale  constUuento 

Moisture  --.----    1.346 
Other  vH>latile  matter        -  -  -  -  -28.312 

Earthy  matter      .  •  .  .  ^  .    3.756 

Fixed  carbon       ......  66.586 


100. 


And  volatile  to  fixed  combustible         -  -  -  1 : 2.3519 

In  all  the  other  determinations  of  volatile  matter,  the  method  of  n^id 
coking  was  pursued ;  and  the  difference,  as  above  seen,  is  very  striking* 
By  rapid  coking,  the  weight  of  coke  obtained  from  specimen  a,  above  an- 
alyzed, was  less  by  6.95,  and  that  from  b  by  15.21  per  cent.,  than  from  the 
average  specimen  just  presented.  ' 

This  coal  was  also  subjected  to  analysis  by  the  scale  oxide  of  copper. 

109.5  grains  were  thoroughly  dried,  and  proved  that  the  moisture  had 
been  1.6  grain,  or  1.461  per  cent. 

The  same  specimen  had  been  found  to  contain  i:85  per  cent  (of  the  raw 
coal)  in  earthy  matter,  which  is  1.877  of  the  dried  coal. 

6.46  grains  of  this  dried  coal,  containing  0.1212  grain  of  ashes,  gave — 

Of  water    ......    3.21  grains. 

Of  carbonic  acid      ....  -19.56      ^ 

Hence  the — 

Hydrogen  is  ....  .    0.3566  grains* 

Carbon       ......    5.3345     ^ 

Earthy  matter        -  .  *  .  -    0.1212     « 

5.8123      ^ 
And  by  difference,  the  oxygen  and  azote  are  -      .6477     <« 


Makine  ....  -    6.46         ^ 

=  the  weight  of  dry  coal  employed.  == 

As  this  weight  of  dried  coal  came  ftom  6.5558  grains  of  raw  coalf  the 
lafter  number  must  be  used  in  obtaining  the  proportion  of  ingredients  in 
that  state.  • 

Hence  the  moisture  is  .....    1.461 

Carbon     -  •  -  -   5.3345^  r  =81.371 

Hydrogen  -  -  -     .3566  > -j-6.5558  ^=  5.439 

Oxygen,  &c.  -  -  -     .6477)  (=  9.879 

Earthy  matter      -  -  •  -  -  -    1.850 

loa 


As  the  sum  of  the  combustible  ingredients  is  96.689,  the  relation  of  these 
to  each  other  is  obtained  as  follows : 

Carbon     -  -  -  -  -  -    84.157rr:14.026  atoms. 

Hydrogen  .....      5.626=  5  626  .    « 

Oxygen  and  azote^  estimated  as  oxygen  alone     •    10.217=:  1.252     ><^ 


100. 


I. 
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If,  frpm  the  data  faroished  by  this  analysis,  we  wouTd  calculate  ib  the 
usual  way  (he  he&ling  power  of  the  raw  coal,  we  must  first  tfedact  from  the 
weight  of  hydrogen  (5.439)  one-eighth  the  weight  of  oxygen,  (1.8348  grain,) 
which  leaves  of  (hat  combustible  4.2042  grains ;  and  if,  wiih  Despretz, 
we  adopt  for  the  heating  power  of  hydrogen  48358"  Fahrenheit,  (236400 
centigrade,)  then  will  1789°  express  the  heating  power  of  this  ingredient. 
And  if,  with  the  same  author,  we  admit  the  healing  power  of  carbon  to 
be  14040°  Fahrenheit,  (7800  cent.,)  then  0.81371x14040=11424°,  will 
represent  the  heating  power  of  the  carbon  present,  supposing  it  to  be  coo- 
yeftediDto  carbdnic  acid-  The  numbers  11424-|~1789=I3213,  egress 
the  pounds  of  water  capable  of  being  heated  1°  Fahrenheit  by  the  combos- 
tion  of  1  pound  of  the  raw  coal;  and  in  order  to  conrert  this  into  term*  of 
:ihe  standard  employed  in  the  researches  on  evaporation,  it  iaontync^ces- 
sary  to  divide  this  number  by  1030,  the  latent  heat  of  (he  vapor  of  w^ter, 
wtudi  will  give  the  theoretical  evaporative  power  of  the  pound  of  coal, 
equal  to  the  production  of  12.838  poupds  of  steam  from  water  at.sis**. 
Now,  the  maximum  evaporative  power  obtained  ^as  9-0706  ppuods.  of), 
TBlsr  from  312°,  to  1  poupd  of  coal  burued.  The  differ<»ioeof  these  two 
ia  29.89  per  cent,  of  the  tlieoretically  computed  heating  power. 
-  If,  instead  of  the  nuiubers  given  by  Despretz,  we  prefer  those  obtainsJ 
by  Dulong,  viz :.  68S35  for  hydrogen,  and  12906  for  carbon,  the  calorific 
pow£r  of  ihe  former  will  be  0.042042  x3^53S=2^S9 ;  and  that  of  the  lat- 
ter, 0.81371  x  1^2906=10521 ;  and  the  sum  of  these  two,  13150,  diSers  but 
Uule  from  the  number  obtained,  from  u^ing  the  data  of  Deaprelz. 

No  experiments  were  made  on  the  gases  passing  into  the  chimney  while 
burning  ihis  coal,  so  that  I  am  not  able  lo  present  Ihe  total  heating  power 
expended  on  the  air  which  supplied  combustion,  the  moisture  of  that  alf, 
and  the  water  generated  from  the  coal  itself,  as  has  been  done  in  a  subse- 
quent table  with  regard  to  many  other  samples.  If,  however,  we  compare 
the  effect  produced  by  coals  nearly  analogous  to  il,  and  which  have  beea 
triad  in  that  manner,  it  will  be  evident  that  this  theoretical  result  of  IS-828 
pounds  of  water  to  1  of  highly  bitumiuous  coal,  was  in  no  instanoe  eyen 
.  approached.  Seven  trials  on  the  Midlothian  coal  of  V^irgiiiia  gave  for  the 
.heating  power,  measured  by  the  steam  alone,  8,4786,  and  by  all  the  means 

-■--' '-d,  10.068;  the  difference,  1.59,  is  only  15.78  per  cent,  of  the, 

'  It  seems  not  to  have  been  considered,  by  those  who  have 
rmioe  the  heating  power  of  fuel  for  practical  purposes,  by 
efficiency  of  its  hydrogen  constituent,  that  the  hydrogen  on 
s  have  pperated  to  demonstrate  its  heating  power  had  al- 
•ught  to  the  elastic  state,  at  the  expense  of  a  large  quantity 
ced  to  the  latent  state  \  while  iafuel,  it  is  either  in  the  solid 
It  the  commencement  of  the  process  of  combustion.     The 


*  To  eompare  the  eT^Minilive  powu  of  Ihe  unil  of  combustible  matter  in  Nemastle  «o«d.  ■> 
dBtannined  by  the  acbul  eTaporatioii,  with  that  deriTed  finn  the  carbon  tonai  in  its  combtndUa 

I  ^ngradieat*,  u^ttoT*!  bj  ultiniale  anajfdi,  recourae  i>  bad  to  the  aeentgt  in  the  4Sd  line  tf  Ifa0 
taideoTMuctloiH.  i*bidiia9.1T7Tj  and  at,  b;  what  ja  ftided  in  the  text,  thii  may  lie  tiMn  ^ 
1—0. 11)78=0.841)  of  the  tMd  ei^MratiTa  power,  therafore  9. 177T-^.Mas=<Bl0.«9Bai(b«  tAl 

''BT^wwtJTepowwofth^niiitof  «OMhnrtihl>LfMMeriB.tbft«iri..aij>if>»dbTtfie  BtMmtKf  .opcn- 
tioiu.     And  aa  0.84I&Z.ia  the  proportion  of  carbon  in  1  of  the  tombmlibk  laaUer  of  th*  coti,  tf 

nltiiiMta  aaalyu,  there&ra-^ —~ _10.546->  the  CTaponliTC  power  of  the  carboa  aloMV 

•ddition  lo  Ihe  •! 


praetjal  bmriag  of.  tbia  diffeience  becomes  the  more  importaDt  in  ca«es 

"wfien  ttia  products  of  combustion  necesBaiily  pass  away  from  the  surfaces 

<o  be  heat^,  at  a  teoii>erq,ture  above  bpiU,pg  poiat    Tbe  rapor  of  vater 

fti  ordinary  abnosphe'ilc  pressure  tias  th«  satne  bulf  as  the  b^drogen  from 

irJuch  it  bad  beep  get 

in  foiia^ng  It,  had  oqI 

boD,  jbrpis  caiboBic  a 

CQQdeiiatid  imp  it;    Ir 

Rpoiford,  the  watery 

eviploying  cold  surfac 

t^e  y^ppra  generated 

c4>  (his  be  cbnsiderec 

staanLboilei.    The  la 

k^^B  their  mfisses  at 

cbief  mal^ials  byptH 

bf  employed  in  raisin 

h^  by  radiatiiHi,  as ' 

eton  when  bitaminqi; 

Istpcje  of  a  considerabl 

the. Newcastle  coalrt 

5p  minutes! 

Thp  coke, left. upburtied  w^  1Q.69  pouuds  at  ^h.  trial — abpi^t  doable 
a«  milch  .asfor'se7em.oi!(h«  Virgii^ia,6oaj8. 

In  the  ar  rned  well,  made  a  goofl  hollow  fire,  pro- 

d^(»d  butt  lited 'no  tendency  to  dsteriorate  (he  iron. 

lb  thecl  )Ut  in  12  links  ofachai^  1}  ibph  indi^m- 

etor,;  it  TO  smfjl  quantity  of  cindon    Between  the 

XiviBrpooJ  1  :he  difference  obuined  in  the  chain  shop 

c^rrespoddi  itde^ucefl  from  evaporation-,  iH^  J-Lver- 

'  fwti  pqt'  ii  lij  made;  but,  7.64  poi]nd»  of'.sl^am  ftom 

Sl^;  the  ^  lied,  put  in  IS  links,  and  eyaporaled  8.65 

ppunde  of  water  from  the  same. ternperature. 


9J,9n  paHa  oTcvbon. 
S.S39  pftrta  of  hjdrogm. 
«.4t  A  putt  Mf  U9|«h  'uid  'w 


Or,  deducting  aiiite,  the  athn  ingiedianta  hai 
Of  cokjng  coal  bom  Soodi  Hetton,  he  fbund  dte 


,-  . r.  RidurdwDt  wbcfcowlllif 

ta  eotttalni  >A«r  Mng  ttwlra■^^dri•*-'^    - 
to  Mcb  other  the  rdalioB  of— 

Ceibon  .«S.1H>UMI 

Hydnin     -  '        -  -    fi.SlSW  B.UA. . 

0X7PD,  Ac  -  -    6.498-  0.686 


CMtwn  ....  88.974 

Hydrogeii  ....  S.171 
Onfen  end  eMto  ...  9.080 
Juttt  ....    S.fil9 


DednctiiiB  eriiei,  tlui  giTM 
CvhoD         •  .  .  86.4Sft— 14.t8T 

Bjingtii     -  .  .    S.»H-  fi.S04 

Oiyieu  ind  aiote     •        .    -    8.H9—  1.158 


Mt  UMimenwiI 
«f  Mr.  RUunlMn. 


wia  be  tnad  to  ban  hem  much  ntem  dta  Hettoa  Hum  the  GiraiMd 


[  3^6  ] 


602  ^ 


Bate. 


Sept  6 


86fC*  7 


TABLE  CLXXL— 
First  trial — upper  damper  8  inclies  open  ;  air  plates  open^ 


Houz. 


A,  M. 

5.80 

9.05 

9.15 
9.80 


TBxniuTirmxs  of  ths 


77 

83 

81 
83 


10.00 

10*80 

U.OO 

11.30 

p.  »k 

0.00 

0.30 

1.00 

1.80 

S.00 

8.40 

loo 

3.80 
4.00 


4.80 
4.56 
▲.  X. 
6.40 
0.00 


88 
88 
86 
86 

86 
87 
87 
88 
88 
89 
90 
90 
88 


74 

76 

76 
76 


76 
76 

77 
76 

76 

77 

77 

78 

78 

i78.5 

79 

179 

78 


84 
84 

77 
79 


105 

148 

160 
163 


165 
184 
880 
843 

854 

870 

883 

8981 

304 

310 

318 

388 

1138 


848 


834 

848! 


875 
890 
398 
384 

304 
880 
880 
888 
380 
340 
340 
334 
8401 


.5 


84 

85 

85 
85 


77 

77 

74 

74 


840 
840 

195 
198 


831 
894 

190 
188 


84 
84 
84 
84 

86 
85 
85 
85 
86 
85 
85 
86 
85 


85 
84 

84 
84 


.S 


OQ 


99 

886 

229 
288 


830 
889 
830 
830 

830 
830 
828 
888 
838 
83184 


831 
231 
831 


830 


888  88 


815 
813 


80 

80 

80 
80.6 


80.5 
81 
88 
83 

83 
84 
84 
84 
84 


84 
84 
84 


83 


78 
78 


80.14 

80.16 

30.16 
30.16 


80.16 
30.16 
30.17 
80.16 

30.15 
30.14 
80.13 
80.18 
80.13 
30.18 
30.18 
30.11 
80.11 


30.11 
80.11 

80.07 
80.07 


1 

•s 


0.350 
0.530 

0.55S 
0.540 


0.543 
0.553 
0.565 
0.553 

0.560 
0.553 
0.537 
0,551 
0547 
0.537 
0.541 
0.550 
0.648 


0.581 
0.619 

0.887 
0.866 


7.05 

5.87 

6.00 
5.17 


5.14 
5.04 
5.02 
6.04 

5.07 
5.04 
5.80 
6.06 
6.10 
5.20 
5.16 
6.07 
6.14 


.a 


0.06 

0.86 

0.85 
0.80 


5.86 
6.88 

6.70 
6.90 


0.35 
0.34 
0.87 
0.88 

0.36 
0.38 
0.31 
0.36 
0.80 
0.30 
0.81 
0.82 
a88 


87 


o 

I 


0.28 
0.80 

0.10 

a  10 


598 
1007 
1591 
1981 

8349 
2776 
8346 
8886 
4861 
4888 
5219 
5644 
6163 


104.75 


101.75 


6640 
7010 

708S 


108.50 


90.60 
99.76 

99.00 
94.60 


98.85 
100.76 1 


Fl«M«f  eteedy  Mstioii,  from  9A.  30m.  «.  ai.  to  Sib.  47iii.  p.  m,mm^  17m.;  cod  fOHilM  l» 
mAoe,  694.1ttIbM  wattr  rapplied  to  boiler,  6f8461bo.|  water  lo  1  of  eoal,  aameliiii^  8.419. 


,  6«8  [  388  ] 

tteam  tiiroufn  into  thimius/t  and  amali/umaee  in  attion- 


' 

73.8 

SS 

- 

- 

MUr  1.38  incii  below  nomul  l^. 

9M 

7».6 

w 

+!» 

- 

■Mun  It  eqiulibriimi. 

71.8 

80 

6 

Steam  blom  off 

S.M 

73.» 

81 

20 

0.933 

DMnper  Mt  it  8  indmt  air  ^Ml  i^MMid. 

_ 

7S.9 

83 

46 

S.707 

Simdiiauig. 

101 

81. 

8.167 

10.66 

74.1 

184 

68 

3.084 

7S.7 

167 

84 

1.748 

Filled  tank  at  ItA.  45m.  *.  m. 

11.45 

7>.7 

188 

74 

3.368 

Sonke  1 8  Mooodi  in  rmUiis  chinBM?  topi  iTPhM  O.M. 

0.18 

f8.e 

183 

90 

8.363 

78.8 

ISG 

103 

3.646 

Wind  EL,  bridc«  deu. 

I.SO 

74- » 

104 

90 

3  660 

Clondy. 

l.H 

:i6 

3.S8S 

W»Mr  abtmi  i»i>]  bmA,  filled  Ik*- 

75.8 

S3I 

108 

3.070 

76.8 

sae 

109 

3.078 

PbMd  38  It».  of  thi.  coal  in  diying  q>p«nta«. 

3.05 

T6.8 

M8 

108 

3.353 

3.47 

74.8 

S44 

109 

3.687 

AiiplalMCl0«d,>Dd  CODTSltl  of  leh  pit  thlSWB  M  piii. 

_ 

74.7 

368 

101 

3.S80 

FiUedt«ket4A.15i».  p.  m. 

Dwnper  reduced  to  3  iniL*,  walet  kA  it  0.6B  incb  (Inm 

._ 

74.7 

356 

06 

MrmelleTBl. 

78.8 

118 

_SS 

Wetn  0.8  indi  below  normal  lerel. 

- 

72,1 

114 

—39 

- 

WeUrmbaikct^oMed. 

I  3^3 


504    , 


DOk 


8(^"7 


DOpt*  8 


•Ua 


Hbor. 


At  m. 
6*vO 

7.16 


8.00 
8.30 

t.OO 

9.80 

10.00 

1^.80 
11.00 
11.80 

0.00 

0.30 

1.00' 

1.40 

8.00 

8.80 

a.oo 


8.30 
4.00 

A.  X. 

5.80 
6.00 


or 


*1 

Is 


n 
m 

80 


80 
80 

80 
82 
88 

M 

85 
86 

^6 
89 

85 
84 
88 
81 


84 

81 

70 
70 


t 


74 

n 

76 


74 

74 

74 
76 
74 

76 
76 
76 

76 
77 
77 
75 
74 
73 
73 


74 

78 

66 
67 


-8 
.8 


It 


8» 


S 
J 


108 

lot 

188 


184 
195 

216 
241 

264f 


816 
826 

887 

343 

860) 

360 

862f 

370 

372 


5 


I 


I 


Sf72 


26884 


82894 


868 
316 


84 


36684 
'v8v9S 


'288  98082 


368 
374 


36082 


370 


84 


84 


82 

82f 


88482 


880 


87088 
36683 
87283 


378 

384 

216 
213 


360 


82 


82 


.a 

I 


1§ 


219 

226 
229 


23& 
280 

230 
231 
231!^ 


230 
281 

282 
232 
232 
232 
282 
232 
232 


83 


818  88  "280 


19380 
19080 


230 


78  4 

77 
77 


78 
78 

78 
79 
79 

79 
80 
80 

81 
81 
81 
81 
80 
80 
79 


80.^7 

80.07 
30;  07 


i 


i 


t 

X 


^i 


f' 


-.366 


79 

rr  t 


73 


213 

2l»  l;72 


89.07 
30.07 

30.07 
30.07 
80.07 

90.07 
30.07 
30.07 

90.07 
30.08 
80.08 
30.08 

3o:o8 

30.08 


9.628 
0.628 


F  0.546 
0.661 


0.658 
0.560 
0.654 

9.545 
9.548 
0.548 

0.548 
0.645 
0.5a 
0.548 
0.544 
0.559 


, 


80.08'  9.548 


99.08 

80.09 

30.13 
80.13 


0.537 

0.524 

0.491 
0.857 


tz'^ 


1^     ^ 


o 
> 


MO 

9.34 
5.29 


9.12 
5.00 

5  00 
4.98 
6.02 


5.12 
5.10 
6.10 

5.10 
5.12 
5.12 
5.18 
5.13 
5:04 
5.14 


6.20 

6.54 
6.98 


S 


9.f9 

0.20 
d.25 

0.82 
0.37 


0.49( 

0.41 

0.49 

0.95 
0.49 
0.40 

0.40 
0.40 
0.89 
0.40 
0.40 
0«40 
0,401 


0.35 


i 
I 


698 

o4o 


1448 
1930 
2846 

3102 
3608 
4120 

4547 
4970 
5540 
6115 
6435 
6860 
7855 


7867 


0.90   8180 


0.10 
0.10 


8194 
8715 


91.90 


96.92 
99^75 


109  JO 

108.75 

108.00 
106.09 


106.00 
102.75 


104.25 
104.25 


Ut. 


If^ftiid  oTMetdy  ttdoa^  from  8h,  80m.  a.  in.  to  3A.  p.  m.s6&.  30m.     Ckxd  ma^fM 
92^'lbi!;  wttor  maipttkd  to  Mler,  6,907  Ibt.;  water  to  1  <^oOtl,  7.849. 


topiftf* 


V  w    t  ■ 

I     •    » 


<. 


506*: 


C  sw-O 


..j.^ 


water  0.4  indi  Mow  noryial  le^el. 
-WiMd  06ni)iiiied,  i99>  iW*^  oomn^iiMd  ghtra^g  vMl  oofl. 
Steam  blows  off;  dunpfv  set.  at  8  incheej  win)  ttrong,  8 W. 


ThSe  coa^  ignilea  q«M^. 


FUBng  tank  at  OAi  SOm^ «.  m. 

Fitted  taakt at M..86ffli<  a.  iii«9  aoBdiiniag)  toiin  vigor- 

one  action* 
WindNW.,  l»i8k{4;bMid^atl0i|L  15f9i.  a.  nu.. 


SmolQe  18  ^eooadMn  ivaohingxhiiBiey  top;  iqrpb#a  0.37. 

CoMideral4e^«iBo|ie>fi«im<lyi(iiief  totdey'-^apponptlpr  mon 
ttumye^eiliy. 

FUled  tank  at  1A«  45ffi^p.  m*)  wind  NE4  itnpf ;  oloudj. 


Wkiaitroi^^frem  NC^ 


d.660|GMiteiitsof  aebplfctkrewii'iaigratat  jdan^ft^winopd  to  8 
inehes. 
Wlitfr4eft,atOi^  iat^aboTe  Jtocmal  l^tvlt 


J.     '. 


¥%t»r  in  Iraler  UfriBlhibelBMr  ponnal  lOTel. 
M^ter-in  boae^a^yosted. 


c* 


VS^WiK 


t.r  (r 


CliBker 

behind  bridge 


Total  cUnker  and  aahee 
Dednetwood  aahee  • 


Total  waete  from  coal 
Coke 


Potrndi, 
88.00 

80.76 
0.76 

68.60 
0.804 

68.196 

11.00 


4 


I  mi  808 

TAPLB  ClSSm— 
mrdlrtat—tipptr  dam/ter4itwAutfptHiitirpla4tf 


5dt 


i  ^86  ] 


NEWCASTLE  COAL. 


cfo^ed;  steam  altbwedid  esctq^e  front  both  vdhes. 


I 
11 


I 


J? 


6.&S 

7.ao 

8.15 


8.65 


10.4Q 
11.25 


0.80 

1.35 
3.30 

8.B0 


^1 


o 


5 


65.4 

04.9 

64.4 
64.4 


64.0 

61.8 
66.5 
65.3 
66.5 
66.5 
68.4 

67.2 
67.8 
69.6 
69.6 
71.2 
71.2 
71.2 


s 

I 


143 

125 

127 
132 


74,1 

69.2 

67.5 
68;t 


160 

190 
222 
245 
264 
278 
290 

298 
308 
316 
328 
328 
338 
344 


847 

355 

172 
166 


—22 

+71 

90 
65 


75 

82 

108 

92 

99 

102 

100 

108 

108 
90 
94 

103 
80 

105 


ll 

t 

I 


3 

O 


3.345 
1.709 


110 
90 

—28 
—10 


1.335 
1.677 
1.989 
1.791 
2.712 
1.335 

2.225 
1.350 
1.854 
1.968 
1.748 
1.828 
1.271 


1.801 


RHMARKS.— Grate  sar&ee  14.07  tqnare  leeti  length  of 
circuit  of  heated  gaies  121  feet;  height  of  chimney  68  leoL 


Morning  doudy;  wind  NW.,  fight;  conimeHced  6thlgt 

water  0.42  inch  below  normal  level. 
Wood  consumed,  103  Ibe. ;  oommenoed  charging  with  coal; 

▼alves  double  weighted. 
Steam  allowed  to  btow  off;  damper  set  at  4  inches. 
8team  allowed  to  eacepe  from  both  vialves. 

Cloudy;  wind  NB.,  li^t 

Sun  beginning  to  shine. 

Wind  8W.,  light;  clones  fifled  timk  at  9A.  35m. 
Fire  in  small  fUmace  extmct,  end  its  danogper  doaed. 
Almost  calm,  cloudy. 


Continues  doudy. 

More  soot  than  in  the  two  ^needing  days  accamnlitea  ott 
the  thermometer  m  chimney;  dear;  wind  8E.,  I^ght 

Smoke  from  chimney  to- day  whilst  charging  and  stoking  ie 
denee  and  Toluminoua;  filled  tank  at  3A.  £».      . 

Contents  of  adi  pit  thrown  on  grate;  floor  sprinljpled  with 
water. 

Water  m  boiler  0.3  inch  above  normal  Wvd. 

Water  in  boiler  2.85  inches  bciow  normal  lord. 
Water  in  boikr  a^oeted. 


Gfinker 

Ashaa- 

Aihaa  kdmiid  kridge 

Teld  cfinte  and  aabes 


9B0n>uA. 


Teld 
Ciiw 


front  eoal 


Ponndli. 
.25.6(1 
-  80.75 
.    0.88 


68.84 

0.818 

68.8H 

12.58 


Fourth  trial-^ifper  iftuf^g^S  i^eftft  op^^  tiir  pbff^onftf, 


Date* 


^^^ 


SeptIO 


Hoor. 


TIKPSKATITBSl  OF  THI 


u 
I 


|: 


A.  X. 

6.10 
7.16 


8.00 
8.80 

9.00 

0.30 

10.00 

lOdO 

11.00 

11.80 

p.  X. 

0.00 

0.80 

1.00 
2.00 

aw 

8.00 


^.80 

4.00 

1.  X. 

7.60 

8.30 


74 
78 
80 


I 


70 

n 

78 


80 
80 

88 

88 
81 
82 
82 
84 

82 
83 

84 
86 
85 
85 


88 
86 

68 

70 


J 


it 


S40 
213 
217 


71 
70 

71 
70 
69 
69 
68 
70 

68 
69 

70 
70 
6Cl 

68 


70. 
68 

59 

62 


2d0 
253 

280 
810 
320 
334 
843 
352 

868 
362 

370 
378 
88^ 

387 


40^ 
398 

216 

214 


s 


s 

a 


188 

- 

232 
325 


360 
400 

882 
408 
434 
400 
434 
420 

423 
414 

418 
404 
416 
400 


I 


I  ao 

80 
80 


1 

J  1 


807 
22^ 
233 


886 
392 

190 

190 


80 
80 

80 

80 
80 
7$ 
78 
78 

78 

77 

78 
78 
78 
80 


80 
80 

78 

78 


232 

282 

232 
232 
2321 
232 
232 
232 

832 

230 

232 
232 
232 
231 


74 
74 
75 


280 

'230 

215 


76 
77 

77 
78 
79 
78 
78 
78 

77 

77 

77 
77 
77 
77 


77 

77 


66 


Pf. 


I 


80,09 
30.09 
30.10 


30.11 
30.13 

30.13 
30.1? 
30.  id 
30.13 
30.13 
30.18 

80,18 
80.13 

30.13 
30.14 
80.14 
30,H 


^ 


0.864 


0.528 


8.546 


30.16 
30,;5 

30.27 

?0.?8 


0.545 
0.550 

0.639 

m 

0.652 

0.689 

0.53t 

0.637 
0,54i 
0.^1 
<^.539 


8 


o 


o 


7.02 


5^4 


6.12 


0.433 
0.527 

0.392 

0.^2 


5.12 
5.07 

6.18 
6.18 
6.08 
5.04 
505 
6.06 

6.18 
5.20 

6,20 
6.16 
6J6 
5,18 


.s 


0.12 

0.21; 

0.416. 

0.36 
0.38 


5.30 
6.60 


0.86, 

0.38 

0.40 

0.40 

0.41 

0.41 

0.39 
0.35 

0.35 
0.35 
0.33 
0.?2 


3 

h 


"8 


"8 

I 


1 


605 
940* 


p.  30 
0.15 


9f7.76 


109.50 
9iB^ 


iSit  lOAM 
8148     ^ 

25^5  1018.86 
29t8, 

8406  ICHJtt 

3918  104.66 
4263 

46M         - 
6518  ;]  03.60 


5838 


6398,  iai,76 


67$9 

nit       - 

7251 
78|3 


1 00.75 


'Vbn{4  bf  steady  action,  from  BL  40m.  t.  m.  W  3)1.  p.  m.sB6A.  20m.     Cod  mx 
72£*57(^i  water  fo  boUer,  aame  time,  6,322  Ibe.;  water  to'l  of  cod,  7.366: 


ppliedtograte„. 


ij.y 


y 


t'      .1.'      . 
ij.'      .'J       - 


,>         .    i 


.'i^  D   r    "'  *.  t   ■    »  si-t 


(w  :• 


t  ■  1 
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I^EiVCAStLE  <1;0AL. 


steam  thrown  into  chimney^  and  small  furnace  in  action. 


1.10 
9.05 

d.oo 


REMARKS, 
circiul  of  betted 


mriaee  14.47  iqitara  *•()  lengfli  of 
1^1  fteti  lieigfat  of  cUsn^  6S  leel. 


Itfoming  clear;  wind  NW.,  light;  eommenoed  firing;  trster 
0.6a  inch  below  normal  level. 


Wood  consumed,  117}  lbs.;  commenced  charging  with 

coal;  valves  doable  weighted, 
dteam  allowed  to  escape;  donble  weight  removed'  fron 

valves. 
Air  plates  open^  at  7A.  56m. 


64.1 
63.3 
63.0 
60.3 


63.6 
53.9 

63.3 

66.9 


386 
392 
398 
303 


318 
312 

148 

144 


186 
178 
184 
169 


166 
163 

—26 

—19 


3.172 
3.607 
1.631 

3.139 
3.241 
3.368 

3.686 
1.801 

3.305 
3.199 
1.695 
2.967 


1.806 


^^ 


Filled  tank  at  lOA.  9m. 


Smoke  14  seconds  in  retching  chmme^r  top;  sjrphon  Oi.39. 

Coal  in  diymg  apparatds  weighs  37  lbs.  7  oz. 

Smoke  from  chimney  to^y  less  voluminons  and  ^irk  than 

yesterday. 
Day  dear;  wind  NW.,  brisk. 
The  coal  burned  to-day  contains  liiuch  fine. 
Filling  tank;  water  below  usOal  level. 
Filled  tank  at  2A.  40m. 

Air  plates  doted,  and  contents  of  ash  pit  thrown  on  grate. 
Dsunper  reduced  to  3  indiei;  water  0.7  inch  above  normal 
level.  * 

Water  1.8  kdi  below  normal  level;  morning  ov'^icMts 
wnidNE.,  light.  ^^ 

Water  hi  boiler  adjusted. 


RESIDUA. 


Ashes  behind 


Deduct  woM 


-     3t.0O 
•     '^69 


Toiii* 


'/U  1. 


wast^frMBcoal 


t'i 


8«»t 


5S.69 

-  0.359 

*    ei.331 

-  18.60 

-  t6.36 
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TABLE  CLXXV.-*DEDUCTIONS  FROM 

Experiments  on 


>!■ 


Nitefo  of  tfa0  d>ta'fiiniHh0d  hf  tho  iMpovuTS  ttblw 


lit  TnaL 

(Table  OLXXL) 


1 

% 

3 

4 

5 

6 

7 

8 

9 
10 
11 
13 
13 
14 
16 
16 
17 
18 

19 

80 
81 
88 

88 

84 

86 

86 
87 

38 
39 
30 
31 
88 
33 
34 
35 
36 
37 
38 
38 
40 

41 

43 
48 
44 
45 

46 
47 


- 


Total  duration  of  the  experiment,  in  hours    - 
Dnralion  oi  steady^  action,  in  boiurB   ... 
Area  of  grate,  in  square  feet  ... 

Area  of  heated  Bur&ce  of  boiler,  in  square  feet 
Areaof  boiler  exposed  to  direct  radiation,  in  square  feet    > 
Number  of  charges  of  coal  supplied  to  grate 
Total  weight  of  coal  supplied  to  grate,  in  pounds 
Pounds  of  coal  actually  consumed    - 
Pounds  of  coal  withdrawn  and  separated  after  trial     >• 
Mean  weight,  in  pounds,  of  one  cubic  foot  of  coal 
Pounds  of  coal  supplied  per  hour,  during  steady  action 
Pounds  of  coal  per  square  foot  of  grate  surface,  per  hour 
Total  waste,  awes  and  clinker,  from  100  pounds  of  coal 
Pounds  of  dinkor  alone,  from  100  pounds  of  coal 
Ratio  of  clinker  to  the  total  waste,  per  cent.  ... 
Total  pounds  of  water  supplied  to  the  boiler  ... 
Mean  temperature  of  water,  in  degrees  Fahrenheit 
Pounds  of  water  supplied  at  the  end  of  experiment,  to  restore 
level        ----.-- 

Deduction  for  temperature  of  water  supplied  at  the  end  of  ex^ 
pertment,  in  pounds         ..... 
Pounds  of  water  evaporated  per  hour,  during  steady  action 
Cubic  feet  of  water  per  hour,  during  steady  action 
Pounds  of  water  per  square  foot  of  heated  sur&ce  per  hour,  by 
one  calculation     --..-. 
Pounds  of  water  per  square  foot,  by  a  mean  of  several  obser- 
vations   .-.-..- 
Water  evaporated  by  one  of  coal,  from  initial  temp,  (a)  final 
result       ...-.-• 
Water  evaporated  by  one  of  coal,  from  initial  temp,  (b)  during 
Bteady  action        .-.--- 
Pounds  of  fuel  evaporating  one  cubic  foot  of  water 
Mean  temperature  of  air  entering  below  ash  pit,  during  steady 
pressure  ...---- 
Mean  temperature  of  wet  bulb  thermom.,  during  steady  pressure 
Ijlean  temperature  of  air,  on  arriving  at  the  grate 
Mean  tempwiture  of  gases,  when  anxving^  at  the  clumney 
Mean  temperature  of  steam  in  the  boiler         -  .  . 

Mean  temperature  of  attached  thermometer     ... 
Mean  height  of  barometer,  in  inches  .... 
Mowi  number  of  volumes  of  air  in  manometer 
Mean  height  of  mercury  in  manometer,  in  atmospheres 
Mean  heigbt  of  water  in  syphon  draught  gauge,  in  indies 
Mean  temperature  of  dew  point,  by  calculation 
Mean  gain  of  temperature  by  the  air  before  reaching  grate 
Mean  dilference  between  steam  and  escaping  gases     - 
Water  to-one  of  coal,  corrected  for  temperature  of  water  in  cis- 
tern        -  -  -  -  -  . 
Water  to  one  of  coal,  from  212®,  corrected  for  temperature  of 

water  in  cistern    -        -    -        -    . 
Pomids  of  water,  from  212°,  to  one  cubic  foot  of  coal 
Water,  from  212°,  to  1  lb.  of  combustible  matter  of  the  fud  - 
Mean  pressure,  in  atmospheres,  above  a  vacuum 
Mean  pressure,  in  pounds  per  square  inch,  above  atmosphere  - 
Condition  of  the  air  plates  at  the  furnace  bridge 
Inches  opening  of  damper,  (U.  upper)  .  .  . 


Sq^tember  6. 
-♦        24.667 
6.388 
14.07 
377.5 
18.75 
9.0 
900.76 
895.00 
5  75 
60.041  ^ 
110.49 
7.853 
5.93 
48315 
84.473 
7393.0 
85°.0 


3d  Triid. 
(TkbleCLXIIL) 


370.0 

34,0 
930.28 
14.88 

3.465 

3.469 

8.1095 

8.419 
7.707 

* 

86°.  93 
77°.48 
369°.46 
3 18°.  23 
330°.38 
83°.  19 
30.138 
5.098 
0.5471 
0.3377 
74°.  32 
182°.54 
87°..  84 

8.0749 

9.0706 
453.90 
9.6434 
1.4538 
6.7014 

Open. 

U.  8 


Sqftemberl. 
34  00 
6.50 
14.07 
877.6 
18.75 
11.0 
1131  0 
lllO.O 
11.0 
50  95 
137.53 
9.068 
5  698 
3.8693 
50.396 
8716.0 
83°.  7 

531.0 

67.0 
1001.07 
16.01 

3.651 

2.658 

7.791 

7.849 
8.0331 

83°.60 
74°.  87 
30l°.80 
863°.47 
331°.07 
79°.  6 
80.074 
6.083 
0.5490 
0.8961 
7l°.80 
318°.«0 
134°.30 

7.7591 

8.7808 
444.84 
9.2579 
1.4519 
e6749 

Closed. 

U.  8*  ' 


r 
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TABLES  CLXXI,  CLXXII,  CLXXIU,  CLXXIV. 

Newcaatk  eoal. 
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ddTrul. 

CTia>leCLXIIll.) 

4th  Thai 
(Table  CI  JCXIV.) 

AlF<Bn8^9» 

i 

StpiemberS. 

September  9. 

84.167 

26.167 

* 

7.25 

6.833 

14.07 

14.07 

377.6 

877  5 

18.75 

1876 

10.0 

10.0 

1021.5 

1022.5 

a 

' 

1009.0 

1009.0 

• 

12.5 

13  5 

10.69 

51.075 

51.121 

6a  772 

100.10 

114.08 

113  05 

7.113 

8.108 

8.084 

5.612 

5.483 

6.6795 

2.5124 

2.8687 

8.1442 

44.761 

48.105 

55.6835 

7402.0 

7883.0 

79M 

790.0 

898^0 

682.0 

117.0 

83.0 

1 

667.17 

840.86. 

859.72 

10.67 

18.44 

18.75 

1.767 

2;  226 

2.277 

1.775 

2.224 

t 

1 

7.22 

7.73 

7.7126 

6.664 

7.366 

7.5745 

- 

8.571 

8.0854 

8.0964 

80°.07 

820.79 

71«.21 

690.43 

859®.  29 

8320.84 

3150.84 

826«.r9 
230<'.64 
740.57 
30.121 

K      1  XV 

4080.07 
2310.79 

3540. 14 

Onitthisrtlie  tiiiid  tml,  diera  U  a  ^Mgram^ui- 
creaie  of  teoipentore  in  the  escaping  gaeee,  due 

77**.  36 

4%f^      1  A  4 

' 

to  the  coiUing  on  the  fluee.  The  4dd- line,  betofr. 

30.131 

shows  that  there  b  also  a  pro^reesiTe  diminutioa 

5.17 
0.5401 

5.128  • 
0.5442 

of  erqponrtiTe  efiect  in  the  let,  2d,  and  4tti  tiiaia. 

0.2728 

0.3708 

0.8148 

67«>.57 

630. 60 

2790.22 

1500.07 

2070.51 

■ 

960.07 

I8O0.O 

1240.55 

> 

7.1946 

7.7028 

7.6828 

\ 

8.1243 

8.6975 

8.6558 

^ 

414.95 

444.66 

439.59 

i 

8.6074 
1.4201 
6.2049 
CloBed. 

9.902 
1.4356 

9.1777 
1.4404 

Thodiadmitkm  of  efiect  on  th»  8d  trial,  tthtti  the 
damper  was  drawn  hot  4  inches,  is  in  acooidanoo 

6.433 
Open. 

6.5035 

with  what  has  been  noticed  several  times  before. 

U.  4 

1 

U.  8. 
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RemetrUi/fok  ihe  pMediag  tabk  t^  dedubHons. 
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_  With  the  air  plate  closed,  and  damper  drawn  8  inchest;  the  rate  of  evap- 
orafioh  on  !he  second"aay  of  trral~(SeptembBT  7th)  wag  W;01  cufeicHfeet  of 
water  per  hotnf,  vKile  on  the  third  trial>  (Stpt^miber  Sth,)  with  the  air  plate 
likewise  closed,  and  the  damper  drawn  only  4  inches,  the  evaporation  was 
10.67  cubic  feet  per  hour.  The  falling  off  in  r^'i^tVy  of  evaporatien  is 
therefore  33.3  per  cent.  It  appears  also  that  the  fuel  was  burned  with  less 
economy  on  the  third  than  on  the  second  day  of  trial.  Same  line  (43d) 
shows  the  evaporative  effect  of  one  of  combustible  matter  to  have  been 
9.2579  on  the  second,  and  but  8.6074  on  the  third.  The  differenceamounts 
to  7  per  cent,  of  the  larger  number.  The  dense  smoke  which  passed  out 
of  the  chimney  on  the  third  trial,  (see  column .  of  ^^  remarks,"  table 
CLXXIII,)  indicates  the  cause  of  this  diminution  of  useful  effect.  The 
slow  passage  of  air  towards  the  grate,  retarded  as  it  was  by  the  partly 
closed  damper,  caused  it  to  arrive  there  with  a  temperature,  on  the  third 
day's  trial,  of  359%  instead  of  301%  which  the  air  bad  possessed  on  the 
preceding  day. 

The  longer  continuance  of  the  products  of  combtistion  about  the  absorb* 
ing  surfaces  of  the  boiler  caused  them,  on  the  contrary,  to  q«it  the  horizon* 
tal  flue,  and  pass  into  the  chimney  with  a  mean  temperature  of  only  326^.8, 
instead  of  363^.5,  as  on  the  preceding  day.  From  this  last  remark  it  appears 
that  we  cannot  refer  the  loss  of  useful  effect  to  the  superior  temperature  of 
the  escaping  gases.  It  must  be  sought  for  in  the  iaiperfection  of  the  com- 
bustion carried  on  in  the  furnace,  while  the  smoke  was  throttled  by  the 
damper  drawn  only  4  inches. 

The  fourth  trial,  with  damper  drawn  8  inches,  and  the  air  plate  open, 
was  intended  as  a  repetition  of  the  first,  and  was  designed  to  afford  the  means 
of  ascertaining  what  effect  the  sooty  lining  of  the  flues,  derived  from  three 
days'  previous  combustion,  would  produce  on  the  heat-absorbing  power  of 
the  boiler.    That  effect  is  apparent,  both  in  the  temperature  which  the 
products  of  combustion  carried  to  the  chimney^  and  in  tlie  evaporative 
power  of  the  unit  of  combustible  matter.    They  are  seen  at  lines  30  and 
43 ;  in  the  former  of  which  it  is  shown  that  the  gases  reached  the  chimney 
during  the  Jirst  trial  at  318^.23,  and  during  the  fourth  at  408^.07 ;  and  in 
^  the  latler,  the  evaporative  power  is  found  k)  have  been  9.6424  on  Uie  firsts 
'  «nd  but  9.202  on  the  Anmh.  The  difference  (0.4404)  is  about  4.5  per  cent, 
of  the  useful  ieffect  derived  from  the  fuel  when  the  flues  were  entirely 
clean.    To  know  whether  the  higher  temperature  of  the  products  of  com- 
bustion is  adequate  to  account  for  the  lower  evaporative  efficiency  of  the 
combustible  matter,  it  may  be  assumed  "that  the  weightof  air  equivalent  in 
its  capacity  to  absorb  heat  to.  that  of  the  products  of  combustion  from  one 
pound  of  combustible  matter  of  this  coal,  was  the  same  as  that  found  on 
the  fourth  trial  of  Liverpool  coal,  viz:    19.888  pounds.    As  the  gases 
passed  away  89^34  hotter  on  the  fourth  day  than  on  the  first,  and  as  the 
specific  heat  of  air  is  0.267,  the  following  computation  gives  the  evapora- 
tive power  of  the  heat  thus  expended,,  vis:  (191.886  K  89.84  x  0.267)  -h   ' 
I'OSOisb '0.4632.    This  ptfdfViBSr  with  sirfflclent  etatftness  that  the  cause  as- 
'«gtted1s*%(l)apljr%tilKife*rt'tt)^ftttfeOUnl  for  the  effect  observed. 
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■   No.  6.    ■  ■ 

yhMHemmmibtJivmJi6nriti'iIjaimg?^hc0fdstpbifbw^fiir^ 

Hieesfertor  apiV 
Ittwnne,  it  'is  th&t  d 
■wait  of  fcstre,  itscoi 
ing  the  surfaces  of  d 
orshinirg  Insire'of  fc 
are  completely  defin 
'  C&r^nate  of  time  hi 
Bumeroits  little  ifke: 
,  of  cannet  and  /oliate 
.  apMHseiL  Hcneeil 
where  tKese -characteA  co-ezist.  iR  seems'  probable  thertt  oonsidMAMe  JU- 
Tenity  ezisM  in  'the  composition  bt  different  plies  of  the  seam  ot  bedfrem  . 
which  it  was  derired. 

In  some  of  our  Western  States,  similar  diversities  in  the  Sj^iearance  of 
coal  from  the  same  bed  are  to  be  met  with,  -      '  ' 

The  specific  gravity  of  one  specimen  {ai  was  found  to  be  l^H^  Ahitof 
another  (b)  was  1.4552.  By  the-aean  of  these,  the  calculated  weight  per 
cubic  foot  is  94.95^  pounds.  Thirty-eight  trials  in  the  oharg*  bdx  proved 
the  aiitaal  weight  to  be  51^093  pounds,  orrO-SSS-of  ihe  dahmlated  weight. 
The  space  for  stowing  one  ten  ie-43.843 cubic  feet.  The  maxtinum  weight 
ofaieulrip  foot  by.uital  ■>fraa.fi6.'375,aiKt  tbe  minimDMi  4e.lies  pdands. ' 'The 
mean  of  these  two,  51.25,  is  very  near  the  above  average  of  the  Wht^Adm- 
ber  of  charges.  ■     ,  • 

The  moisture  found  in  speciiqens  a  and  h  w^s  precisely  the  ^nune,  viz : 
2.049  per  cent.  By  exposure  for  ^oui  clays  in  the  steam-dryipg  bath,  2& 
pounds  of  this  sample  lost  13.5  ounces,  or  3.013  percent,  , 

Tiie  sniphur  in  b  was  0.35S2  per  cent. ;  and  the  volatile  matter,  other 
than  moisture,  expelled  by  coking,  was  37.8S1 ;  while  that  from  a  was 
£8,311  per  cent. 

The  eArthy  matter  in  a  was  12.325,  and  th#t  in  b  I4.S7  per  cei^t.  tience 
we  have  the  composition  of — 

In  moisture        -  -         .  - 

In  sulphur         -  '         '-    ' 
In  otlver  volatile  matter 
In  earthy  matter 
Irt  fixed  carbon  -  ' 


■Volatile  to  fixed  combustible  1:2.0245         1:1.2385 

SpecimeH  b  had  aq  aspect  decidedly  like  that  of  canael'  coal,  and  was 
Ucgely  interspersed  with  laminra  of  carbonate  of  lime  in  the  partingH^.  <  tn 
the  incinerations  of  b,  (in  which  portions  of  the  powder  were  placed  in  f»at 
different  platinum  cups  in  the  same  muffle,)  the  cup  which  had  been  in  the 
hottest  part  had  Ipst  more  than  any  of  the  rest,  and  the  per  osntage  of-resi- 
dne  followed  the  reverse  order  of  the  temperatures  to  which  the  cupa  bad 
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been  afposed.  The  order  is  that  or  the  followit^  numbers,  begitming  with 
'Uut. which  hsd  beeii  in  the  bottast  pftrt:  13^6, 14.97, 15.10,  and  15.S9. 
The  .oempleteTeduoUon  of  earbonaoeous  matter  does  not  Qecesmhiy  imply 
aposilioD  of  the  earthy  carbonates,  for  which  a  very  strong 
T  required.  If  hydrated  argillaceous  subEiances  exist  in  the 
J8  of  the  coal,  Ihay  may  require  a  still  higher  temperature  to 
ortions  of  waler. 

matter,  including  moisture,  obtained  from  two  specimens  of 
}y  Ur.  King,  amounted  to  41.35  per  cent. 
>f  coal  burned  during  the  four  trials  of  evaporative  power, 
ids.  The  ashes  withdrawn  were  175.S,  the  clinker  8^0.25, 
.375  pounds.  When  completely  reincinerated,  the 
.  -^Atsioet  I3.9S3  per  nmt., leaving  151.07  pounds  of  in*»mbustible  matter.'- 
..Ctinker"    8.67        "  «  801.15  •«  «      *        « 

Soot        "  54.67  "  **  11.05  «         •      «  « 

In  all    -  .  -        363.87  "  "  « 

From  which  taking  the  ashes  >   aeo  «  «  ^ 

of  981.25  pounds  of  wood   Jj   ~ 

"'  'tr£rSSo1^°"'1  -^  pounds-.33,ape,  «... 

From  these  data  may  be  derived  the  following  compoaitioa  of  the  coal 
^f  thia  Hunpte: 

Moisture,  from  88  pounds         ....        3.013 
Other  volatile  matter  (two  specimens)  -  -  -       38.S37 

Earthy  matter,  froifi  3,860  pounds        -  -  -        9.338 

Fixed  carbon,  by  difference      -  -  .  -      48.S18 

100. 

Volatile  to  fixed  combustible  1  : 1.2569. 

The  ashes  weighed  per  cubic  foot  47.94,  the  clinker  39.87,  and  the  soot 
8.65  pounds. 

Tbe  clinker  is  in  general  black,  with  some  whitish  portions  of  slate  ad- 
hering. It  was  in  sheets  of  considerable  magnitude,  and  produced  so  much 
obstruction  of  the  grate,  as  to  require  removal  once  or  twice  in  the  course 
of  a  day's  operations.  The  slaty  portions  preserve,  iu  many  specimens, 
the  original  forms  of  tlieir  masses. 

The  color  of  the  residue,  after  reincinerating  the  pulverized  clinker,  was 
a  light  gray,  very  slightly  bordering  on  red ;.  of  the  ashes,  dark  brown ;  of 
the  soot,  light  yellowish  gray ;  while  that  derived  from  analysis  was  of  a 
dark  brown,  or  deep  "ashen"  gray. 

A  trial  of  specimen  b,  with  the  oxide  of  lead,  yielded  22,7  of  lead  re- 
duced by  1  of  raw  coal  employed;  and,  deducting  0.16919  for  moisture 
and  ashes,  this  gives  37.03  of  lead  to  l  of  combustible.  Had  the  whole 
combustible  matter  been  carbon,  its  reductiv^e  power  ivoiild  have  been 
0.38981X34=88.553.  Hence  the  actual  reductive  power  was  5.2  per 
cent,  less  than  it  would  have  beeii  had  the  whole  been  carbon,  insiettd  oi 
containing  a  large  proportion  of  hydrogen. 
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scale  oxide  of  copper.    It  had  a  specific  gravity  of  1.0759  ; 

Possessed  of  moisture  (expelled  by  heatlDg  >         "  ^.^^  .^^^  '^ . . 
to  250^  for  half  an  hour)     .     :.,^        ^J        1.365p^4r^nl. 

Of  other  volatile  matter  •  -  -      35.586        ^   '    . 

Of  earthy  matter        -  .   '      ..  •       2.707        *^ 

Of  fixed  carbon  -  -  -  •      60.342        *^ 


100. 

«    > 


And  having,  therefore,  the  fix^4  ^  ^1^^  volatile  combustibleiq  the  ratio  of 
1.6»57tol. 

Of  this  specimen,  dried  in  fine  powder  as  above,  were  taken  7.64  ^ains; 
of  which  the  earthy  matter  was  0J3097  grain,  and  the  combustible  part  , 
was,  consequently,  7.4303  grains.    Submitted  to  analysis  with  all  the  usual 
precautions,  this  gave  of  carbonic  acid  22.6,  and  of  water  3.75  grains.   Ad- 
mitting 6  to  be  the  atotnic  weight  of  carbon,  this  gives — 

Carbon  -  '  -  -  -  -  -    6.1636  grains, 

llydrogen  -  -  -  -  -    0.4166       " 

Of  which  the  sum  -  -  -         =    6.5802       « 

And  this  deducted  froin  -  .  •  -    7.4303       *<    .    < 


Leaves  Of  oxygen  and  azote       ...    q«8501       ^ 


As  7.64  grains  of  dried  coal  are  equivalent  to  7.7457  grains  in  the  raw 
atate,  the  above  data  afford  the  following  as  the  ultimate  constitution  of 
this  specimen  in  that  condition,  viz  : 

Moisture          ,.---.            ^  1,365 

Carbon              ......  79.574 

Hydrogen        ...--•  5.37S 

Oxygen  and  azote        .           .           .           .           .  10.976 

Ashes  -  .         -           -           •           -           -           -  2.707 


100. 


Ifthe  moisturt  and  ashes  be  deducted,  the  relation  of  the  remaining  con> 
^stiluents  to  each  other 


Carbon        ....  82.952  =  13.825  atoms.     . 

Hydrogen    -            -            -            -  5.607  =    5.607      " 

;  .      Oxygen,  &c.           -           "           "  11.441=    1.430      «.    . 

■'  100.- 


•'*'  As  the  above Janalysis  shows  the  total  carbon  in  the  rawcoaito  be 
I  79.^74.ver  cent.,  and  th^  prey tqu«  trial  had  given  the  fij^ed  carbon .^q^ 
'  to  6«u842^  it  is  evide&t  that.tb^  differen^c^  (19.232)  must  have  becDi  the 
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'  p6itu»  Tialatfized  iniheprooenof  ooiiuiig;s6  tfmtlfa^VtrialHeikMC^^taiaiBt 
have  consisted  of—* 

Carbon         -  -        19.232 

Hydnagen^   -  -  ^       5.378 

Oxygen  and  azote   -        10.076 


In  35,586  parts  obtained  in  the  first  analysis. 


One-eighth  of  the. oxygen  in  the,  raw  coal  is  1.372  grain ;  which  deducts 
ed  from  the  hydrogen,  (5.378,)  leaves  4.006.  Hence,  to  compute  the 
heating  power  of  ihe  raw  coal  by  Despretz's  numbers,  we  have — 

For  the  hydrogfen  *    -'         -'       0.64006X42552^      1704.6 
For  the  carbon  -  -,      0.79574X14040=     1117«.0 


The  sum  of  these  -  -'  =     12876.t6     - 

i  '  >  i  '  .      .  .  ■   ■        ** 

I  .     ■  "" 

And  this,  divided  by  the  degrees  e;icpji;essing  th,e  latent  beat  of  the  vapor 

of  water,  ( 1030°,)  gives  12.501  pounds  of  water  which  ought  to  have  be^n 

evaporated  from  212°  by  one  pound  of  the  raw  coal,  on  the  suppositioQ 

that  the  wbojle  heating  power  had  been  employed  in  producing  that«effect ; 

whereas  the  maximum  effect  of  one  pound  of  the  coal  burned  under  the 

steam. boiler  was  but  7.476,  and  the  average  of  fou):  trials  only  6.946 

poundsofsteajngenerated  from  that  tempera.ii^*e.  , 

By  adopting  the  numbers  of  Dulong,  we  have — 

The  heating  power  of  the  hydrogen     OX)4006  x  6e535=s^^    2505 
*^  **  carbon  0.79574  X  12906=  10270 

.  .     .    •      1., 

Or  the  tolai  heating  power  .i$        -  -  ,  12115 


This  shows  still  a  wide  departure  from  the  practical  result.    E^ipressed 
in  evaporative  efficiency,  it  amounts  to  12.402,  instead  ofl2.'5or,  as  above. 

Bjt  reference  to  the  table  exhibiting  the  analyses  of  gases  draivD  from 
the  chimney.  It  will  be  seen  that  three  triafs  on  that  subject  were  made 
while  burning  the  Scotch  coal ;  and  under  the  title  of  deduction^  relative 
to  the  heating  power  qffuel^  in  the  same  table,  will  be  found  tbeevapora- 
tive  power  of  the  heat  employed  on  all  the  absorbents  ;  that  is,  on  the  escap- 
ing gases,  the  water  from  combustion,  the  hygrometric  moisture  of  the  air, 
and  the  water  in  the  boiler.  The  average  number  is  8.464,  and  the  maxi- 
mum 8.868.  ^ese  number  iwould  be  mcr^aaed  la  9.741l^iand  10«i2K)9,  hj 
computing  for  one  of  combustible  in  the  coal  burned^  that  i%f  after  d^^QoC- 
ing  3.013  for  moisture,  and  10.098  for  mean  amount  of  waste  left  after  the 
fire  was  extinct. 

The  heating  power, of  one  of  combustible  in  the  analysiSy  is  found,  ia 
like  manner,  by  deducting  the  moisture  and  ashes  found  in  the  specimen 
assayed,  and  dividing  by  ^^  remainder  the  numbers  already  given.  Thos^ 
1_0.04072=0.95928;  and  12876-8-0.95928=13423,  by  the  numbers  of 
Despretz ;  12775-^-0.95928=13317,  bv  those  of  Dulong. 

If  from  the  mean  of  these  (lii370)  be  dedtrced  the  evaporative  pewer, 
i« ;an>oanl8  to  12.98 :  from  whic^  taking  10.1J06,  the  remainder  tS;;774)  miU, 
he  33.^65  percent,  of  that  hi^an.  We  cannot  sinpposethis defidetteyto 
have  been  due  to  the  carbon  wasted  in  the  smoke^  since  the  amouat  of 


Mr  umi-] 

TskiRsfUeicliflMlliaitfgether  is  bat  19.232  percent,  of  the  coal.oi  20.048 
per  cent,  of  the  combustible  matter. 

Fnakctfae-piopbitioDof.tb*.  UueemmJhM/iiAt.w^nnfwftf*.  Steady  pre- 
sented, the  separate  calorific  and  evaporative  powers  of  the  carbon  aod 
btdri^sn  are  deduced,  as  follows,  fi-om  the  nambers  ^ven "by  Dolon^: 
(9.88^52  X1S9Q6)-^1030=10.393  of  steam  from  thecarboQ.in  1  of  com- 
btstible;  and  (0.04177  x6253S]-i-l(i^0=e.535  of  stMm^&OB  the  h|fdro- 
gODia  1  of  combustible.  -  And  ia  vo  haVe  oblained,  by  eKpiehment  in  the 
fa^ge-wayi  10,906  of  steani  power  from  1  of  coi&bostible,  it  should  Imuq 
(if  Uiilong-s  number  can: be  relied  dit)  that  -the  weight  qf  carbon  iQ  this 
c<)al  is  the  BuaWre  ffita  heaiiB^  po^fcer.  > 
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steam  Ihrmtin  into  cMmnei/,  and  amail  fumaee  in  action. 
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him. 
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7.00, 

6S.8 

fle.6 

110.0 
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water  0.6  inch  »Wve  DOimfl  level. 

7,80' 
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«7.8 
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im 
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S7 
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I  . 

70.0 
66.9 
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TABLE  CLXXX.— DEDUCTIONS  FK0M 

Experimtnts  on 


.    1 
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4 
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6 
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18 
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39 
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41 

42 
43 
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Nstore  of  thv  dbti  farnMied  by  the  respectrre  tables. 


Tatoldivition  of  ihe  oxperimeiit,  in  hours  . - 

Borvtion  of  steady  action,  in  hom  -  ,         -        .   - 

Area  of  grate,  in  square  feet  .... 

Area  of  heated  sur&ce  of  boiler,  in  square  feet 
Area  of  boiler  exposed  to  direct  radiation,  in  square  feet    -     - 
Number  of  charges  of  coal  supplied  to  g7«te  - 
Tolit  weight  6f  cot!  nipplied  to  grvte,  in  poinds 
Pounds  of  coal  actually  connuned     .  .  .  - 

Pounds  of  coal  withdravm  and  separated  after  trial     - 
Mean  weight,  in  pounds,  of  one  cubic  foot  of  coal      -  •* 

Pounds  of  eoal  supplied  per  hour,  during  steady  action 
Pounds  of  coal  per  square  foot  of  grate  surface,  per  hour 
Total  waste,  ashes  and  clinker,  tjrom  100  pounds  of  coal 
Pounds  of  clinker  alone,  from  100  pounds  of  coal 
Ratio  of  clinker  to  &e  total  waste,  per  cent  •  -  • 

Total  pounds  of  water  supplied  to  the  boiler - 
Mean  temperature  of  water,  in  degrees  Fahrenheit     - 
Pounds  of  water  supplied  at  the  ^id  of  experiment,  to  re^ore 
level         -  -  -  -  •  -  -    .       .- 

Deduction  for  temperature  of  water  supplied  at  the  ^id  of  ex- 
periment, in  pounds  •  .  .  .  . 

Pounds  of  water  evaporated  per  hour,  during  steady  action    - 

Cubic  feet  of  water  per  hour,  during  steady  action 

Pounds  of  water  per  square  foot  of  heated  surface  per  hour, 

by  one  calculation  » 

Pounds  of  water  per  square  foot, 'by  a  mean  of  several  obser- 
vations    -  -  -  ... 
Water  evaporated  by  1  of  coal,  from  initial  temperature  (a) 
final  result             -            -  ...  -  • 
Water  evaporated  by  1  <^  coal,  from  initial  temperature  (b) 
during  steady  acdon          -            -            •            -     *      - 
Pounds  of  fuel  evaporating  one  cubic  foot  of  water  .  * 
Mean  temperature  of  air  entering  below  ash  pit,  during  steady 
pressure    -            -            -            -            -            -            - 

Moan  tempTature  of  wet  bulb  thermnm,,  -duripg  steady  pressure 
Mean  temperature  of  air,  on  arriving  at  the  grate 
Mean  temperature  of  gases,  when  arriving  at  the  chimney 
Mean  temperature  of  steam  in  the  boiler        .  .  . 

Meanrtemperature  of  attached  thermometer    -  .  . 

Mean-height  of  barometer,  in  inches  ... 

"Mean  number  of  volumes  of  air  in  manometer 
'Mean-height  of  mercury  in  manometer,  in  atmospheres 
Mean  height  of  water  in  syphon  draught  gauge,-  in  inches 
Mean  temperature  of  dew  point,  by  calculation 
Mean- gain  of  temperature  by  the  air,  before  reaching  gmte    - 
Mean  difference  between  steam  and  escaping  gases      - 
Water  to  I  of  eoal,  corrected  f>r  temperature  of  water  in  cis- 
tern        -  -  -  - 

Water  to  I  of  coal,  from  212^,  corrected  for  temperature  of 
water  in  cistern     -••--- 
Pounds  of  water,  from  212^,  to  1  cubic  foot  of  coal   - 
Water,  from  2 12°,  to  1  pound  of  combustible  matter  of  the  fuel 
Mean  pressure,  in  atmospheres,  above  a  vacuum 
Mean  pressure,  in  pounds  per  square  inch,  above  atmosphere 
Condition  of  the  air  plates  at  the  furnace  bridge 
Inches  opening  of  damper,  (U.  upper)  -  -  . 


1st  Trial 

2dTriaL 

ctub.  cLixyu 

(T»to.  CI.XXVIL) 

Aagust  19. 

Augtut^l. 

28.3^ 

23.$38 

4.00 

4.683 

14.07 

14.07 

377.6 

377.6 

18.73 

18.75 

-  9.0 

9.0 

885.«^ 

911.5 

881.75 

904.75 

3.6 

6.76 

49.181 

60.638 

178.5 

154.09 

12.33 

10.905 

7.783 

10.436 

4.5692 

5.6204 

68.197 

53.856 

6884.0 

6873^0 

.    79<>.4 

7e°.o 

269.0 

345.0 

33.0 

46.0 

1026.26 

9%l.l3 

16.419 

14.769 

2.718 

2.446 

2.745 

2.4205 

6.6366 

6.4747 

6.916 

5.991 

9.4189 

9.653 

860.89 

790.18 

77<».44 

720.66 

266<».89 

2000.45 

288**.  6 

3170.27 

232<».6 

232<».t6 

-      86°.41 

.    760.B2 

30.009 

.  80'.#67 

6.212 

5.1446 

«u6a6B 

:     0.54S 

0.2863 

0.2988 

740.5 

69<».93 

180<»I0 

ltl|o.87 

60^6 

90<».0 

4 

6.6123 

6.4537 

7.4763 

7.3059 

367.2 

369.95 

8.0964 

8.1571 

1.4255 

1.4290 

6.2844 

6.3364 

Closed. 

Open- 

U.       8 

U.     8 
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3d  Trial. 

4thTiul^ 
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(Tib.  CLXXVin.) 

(Tab.ClJnClX.) 

AveragM. 

fieoMricB. 

A%&gtui%2, 

Aiigust  23. 

.28,917* 

94.917 

••     /    • 

5.5. 
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14.07 

■ 
1  > 

.  877.6 

377.5 

: 

18.75 
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• 
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1 

'     10484) 

1088.25 

'."• 

!     IOiO.75 

1082.75 

• 

7.26 

5.5 

5;  75 

\ 

5S.4 

51.9125 

51.0325 

* 

184.63 

142.95 ' 

151.2925 

• 

•     0-581^ 

10*16 

10.789 

10*08 

11.545 

10.0985 

1  ■  • 

6.062 

6.2745  , 

5.6815 

57.025 
6042.0 
TOO.  a 

54.348 

55.856 

The  high  proportion  of  dinkfir  renders  ^  ooai 

6017.0 
76^.0 

* 

▼«iy  incoiinnMQtfor  oie  ander  the  steam  boifar. 

442.0 

430.0 

t 

/ 

^58.0 

56.0 

^                                                                                                                                                                                                              1 

776.72 

855.59 

896.422 

i2.42 

13.687 

* 

14.824 

* 

2.057 

• 

-     2.266 

2.394 

• 

F 

* 

:        2.1386 

2.266 

1 

• 

5.t497 

5.7719 

6.158 

Bj  burning  this  cool  with  thedampfr  drawn  only 

^    ^.jh^ 

four  inches,  a  considerable  reduction  in  evno- 
ratite  power  appears  in  the  cdunm  of  tiie  £rd 
trial. 

5  769 

10.^702 

5.985 
10.8283 

5.915 
10.1926 

79*.4t 

80<>.05 

1 

7««.58 

71<».68 
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255^55 

240«.472 
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.          • 

74«.88 
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389.96 

338.1 
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fF,  T.  HeppSf  Co.yofNtv)  OrUma. 

4-B^lOllOWtlJ^  rettW  rOlfttOS'  tO  tillS  SAOOpIC  7 

<<  New  Ori^bams,  J%lly  \2;  1842. 
^  To  the  UnUed  States  Navy  AgtrUs;  Washington  oifyj  Z>.  C.  ; 

<^  Gents  :  We  take  the  liberty  of  forwarding  a  bill  of  lading  for  piie  cask 
Pittsburg  coal,  as  a  sample,  which  i  we  believe  you  will  find  to  .be  a  supe- 
rior article.  In  this  city  it  is  prefesred  to  any,^«^ti  ooal  yet(tAtsodaced 
in  our  country,  and  superior  to  ady  other  American  bituminoufr^al  as 
yet  discovered.  I'he  article  has  be^afVrily  tested  by  the  steam^rsi^nninj^ 
from  this  port  to  Havana  and  Texas. 

<<  We  propose  furnishmg  the  Gotrecomant  with  any  quantity-she  may 
require  at  this  place  for  ^6  50  per  ton^  or  at  Pensacola  at  #9  per  ton. 
,  Should  you  reauire  any  further  iofbrmatipn,  wc  shall  be  happy  to  receive 
"^afjyj;9iixp{uBicatiou  00  thai  subject  from  you.  j 

^*  In  the  mean  time,  please  acknowledge  receipt  of  the  c^sk  of  exfal,  and 
your  opinion  thereon.  •  . 

"  We  are,  very  respectfully,  your  obediedt  servants,  i 

!'^W.  T.  HEPPJtCo.'' 

The  above  letter  was  not  receive^  lintil  after  the  ezperiipents  bad  been 
completed,  and  then  as  a  duplicate  in  t^nswer  to  an  ijpquiry  naade  relative 
to  the  origin  of  the  coal.  The  sample  consisted  of  about  two  hundred 
weight — scarcely  enough  for  a  bare  trial  under  the  steam  boiler^  and  cer- 
tainly not  enough  for  a  full  development,  of  its  pr9perties. 
'^  '^  Jri.  external  charaqltsife,  it  is.^O  almost  exact  counterpart  of  the  New- 
f  i$»^tl^  ^Ci3|al  of  Euglandi*  It  haA  the  same  resinous  lustre^  the  ftame  ex- 
hibition of  fossil  remains  and  carbionaoeous  matter  in  th^  surfaces  of  de- 
position, the  same  position  of  the  main  partings  at  right  an^l^s  to  the 
surfaces  just  mentioned,  and,  of  course,  the  same :  tendency  to  break  into 
cubical  masses.  It  exhibits  less  eirthy  ma:tter  in  the  partings,  and  sel- 
dom shows  any  trace  of  pyrites  on  th6  sutface.  Other  resenalblances  will 
be  observable  in  the  following  desOription  of  analyses  and  te^  to  which 
it  was  subjected. 

The  specific  gravity  of  one  specimen  (a)  was  l.BS,  that  of  another  (J) 
I.t747 ;  the  mean  of  which  am>rd|s  the  calculated  "oreight  per  cubic  foot 
7S.275  pounds.  Two  trials  only  Qould  be  made  in  ,^e  charge  box,  the 
'  mean  of  which  affords  the  weight  per  <»ubie  fdot  46.8125,  or  Gi598^f  the 
calculated  weight.  The  calculated  spae^  Ibr  the  stowage  of  a  eon  b  47.85 
cubic  feet.  The  moisture  found  in  the  two  specimens  was  exactly  the 
same  in  amount,  being  1.397  per  cent.  Of  volatile  matter  other  than 
water,  a  save  32.783,  and  b  30.993  per  cent. 

The  sulphur  in  b  was  0.1598  per  cent. 

Five  trials  by  Dr.  King  gave  a  mean  result  in  volatile  matter  of  S8  per 
cent.  These  were  all  conducted  on  the  plan  of  rapid  coking,  and  gave, 
doubtless,  higher  proportions  of  volatile  matter  ttutB  if  the  piooeas  had 
been  carried  on  more  gradually. 
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Id  spedmen  a,  the  earthy  matter  by  four  trials  was  4.17^  and  in  b  by 
•eight  trials  it  was  3.26  per  cent.  The  composition  of  these  specimens  may, 
iherefore,  be  stated  as  follows : 

The  moisture  was    .  -  - 

sulphur             -  .  - 

other  volatile  matter  - 

earthy  matter    -  -  .   - 

fixed  carbon     -  -  . 


specimen  a.. 
1.397 

-  (not  tried) 

-  32.783 
.       4.170 

-  61.650 

Specimen  5. 
1.397 
0.1 6d 

30.133 
3.260 

65.050 

loa 

100. 

-  1 :  1^805     1 :  2.1473 
1:2.0139 

Volatile  to  fixed  combustible 
And  the  mean  of  these  two  is 

Daring  the  single  brief  experiment  on  evaporative  power,  the  weight  of 
coal  consumed  was  208.38  pounds  \  the  ashes  derived  froiQ  it  15.5j  wd  the 
clinker  2  pounds,  while  the  soot  from  the  flues  was  1.75  pound. 

The  ashes  lost  by  reincineration      -  -  -    21.123  per  cent. 

The  clinker  .....    13.240      « 

The  soot      ......     37.650       '< 

Making  these  reductions,  and  deducting  0.311  pound  of  wood  ashes 
from  101.5  pounds  of  wood  used  in  commencing  the  experiment,  there  re- 
main 14.741  pounds  of  incombustible  matter,  which,  divided  by  206.38, 
gives  7.0741  per  cent.;  which  shows  that  the  earthy  matter  in  the  speci- 
mens above  sfhalyzed  was  but  about  half  as  much  as  the  average  of  the 
sample. 

The  ashes  from  the  analyses  of  this  coal  were  of  a  grayish  or  yellowish- 
white  color ;  the  pulverized  and  reincinerated  clinker  was  of  a  slightly  red 
or  reddish-gray  color ;  the  residue  of  the  ashes  was  nearly  of  thi  same  tint^ 
after  a  like  treatment ;  and  the  soot  gave  a  light  drab  or  dirty  white  re- 
siduum. There  appeared  very  little  tendency  in  any  of  the  specimens  of 
clinker  to  vitrification,  or  the  formation  of  coherent  masses. 

This  coal  ignites  quickly  and  burns  freely;  itrswells  but  little,  and  pro- 
duces a  coke  moderately  coherent. 

Two  trials  on  specimen  b  were  made  with  the  oxide  of  lead,  resulting  in 
giving  for  the  first  27.870,  and  for  the  second  27.215  parts  of  lead  reduced 
to  one  of  coal  employed. 

Deducting  0.01397  for  moisture,  and  0.036  for  ashes,  the  combustible  is 
0.95343 ;  by  which  dividing  the  mean  of  the  above  two  weights  of  lead, 
the  result  is  28.887. 

The  sample  did  not  afford  a  sufficient  quantity  for  trial  either  in  the 
smith's  fires,  or  in  grates  for  domestic  purposes. 
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TABLE  CLXXXI.— PITTSBURG 

Upper  damper  &  inches  open;  air  plates  closed;  steam 


T.>».*Tr>»orT»      1 

•8 

I 

DaM. 

iloui. 

t 

1 

5 

1 

1 

1 

i 
1 

ii 

< 

1 

1 

A.  m. 

Hot.  9 

10.0S 

42-5  40 

197 

177 

40 

314 

ii 

30.37 

0.3: 

IB-M 

4S   13 

176 

ase 

40 

333 

43 

30.37 

O.SI 

11.30 

47   41 

174 

350 

40 

338 

44 

30.25 

0,5 

11.45 

DO 

43 

181 

3B7 

40 

232 

45 

30.33 

0.5 

IRR 

380 

10 

333 

46 

S0.B3 

0.5 

SO 

43 

W 

3E): 

40 

30.21 

3UI 

3n( 

40 

333.5 

47 

30.31 

0.5 

0.45 

49.5 

43.5 

aio 

38H 

40 

" 

30.20 

... 

40  5 

iS 

817 

369 

40 

331 

47.5 

30.19  1  0.5 

43 

VI 

34) 

40 

233 

4H 

30.isl0.& 

no 

43   33 

34; 

40  1  333 

4H 

30.19  i  0.5 

2.15  i9.S 

48.6  S3 

313 

40  \   233 

48 

30.16  0.6 

1 

The  boiler  can  Bcaieelj  be  coniulered  ni  hHTing  been  bronghl  to  a  coudilioii  of  itead^  aetioD  be- 
fore the  nmpla  itm  eihaiutHli  but  from  114.  40ni,  i.  m.,  nben  the  aecond  cluige  of  coal  «w 
^kced  OD  the  grate,  to  Ok.  4Snt.  p.  m.,  when  the  combiulion  appeared  to  be  declinbg,  is  lA.  Sm.  ; 
dnnig  which,  theevaporation  was  at  the  rate  of  10.56  cubic  ffet  of  water  per  hour. 
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(PENNSYLVANIA)  COAL. 


thrown  into  chimney,  and  small  furnace  in  action. 


h-  nt' 


10.65 

IMO 

•   •  •  •  • 
11.64 


i 


34.4 


33.6 


27.9 

29  5 

29.5 
29.5 
29.5 
28.5 

26.8 
26.'8 
29.5 
28.5 


c  ^ 


o 


3 


154.5 
128 

is? 


131 

138 
154 
156 
160.5 

167.6 
174.5 
177 
181.5 


&  be 

JS  5  § 
ft 


—37 

18 


5S. 


36 


I 


I 


I 


REMARKS.— Grate  eortace  14.07  square  feet;  length  of  m- 
cuit  of  heated  gaaea  121  ftet^  height  ef  chittnay  68  ieet. 


2.238 


48 

1.716 

62 

1.971 

67.5 

1.319 

55.5 

1.610 

28 

0.985 

16 

— 

10 

0.4846 

—10 

0.185 

Moming  hazy;  wind  SW.,  hgfat;  comment  firing;  water 

0.5  inch  below  normal  level. 
Wood  oonstimed,  100^  pounds;  commenced  charging  with 

coal. 
Steam  blows  oflf  at  1  \h.  Im. ;  water  one  inch  below  normal 

level;  filling  tank. 
Water  brought  to  normal  level;  steam  allowed  to  escape 

from  both  valves. 

Back  valve  weighted  down  at  Oh*  12m. 
Damper  reduced  to  4  Uiches. 


>  Valves  double  weighted. 

Water  in  boiler  adjusted.  Observations  eontifmed  till  tho 
safe^  valve  closed,  and  pressure,  by  manometer,  did  not 
rise  when  it  was  douMe  weighted. 


RESIDUA. 


Clinker 

Ashes 

Asbe^  behind  bridge 


Deduct  wood  adies   - 
Total  waste  from  coal 
Ctke 
Soot 


Pounda, 
2.00 
14.75 
0.75 

17.50 
0.311 

17.189 

0.87S 


1.74 


.  I 
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TABLE  CLXXXII— DEDUCTIONS  FROM  TABLE  CLXXXI. 

Experiment  on  PitUburg  {Penntty^nio)  coaL 


Niaure  of  the  data  furnished  by  the  preceding  table. 


1 
3 
3 
4 

6 
6 
7 
8 
9 
10 
11 
12 
13 
U 
16 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
3() 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
4^i 
44 
45 
46 
47 


Triri. 
(T.CLXXXL) 


TolaldpnAiBaof  theexperimeiit,  inhoun  .  -  .  . 

Dttiation  of  steady  action,  in  hours  .  •  .  .  . 

Area  of  grate,  in  square  feet         -.---- 
Area  of  heated  surface  of  boiler,  in  square  feet       .  -  .  • 

Area  of  boiler  exposed  to  direct  radiation,  in  square  feet      .  .  . 

Number  of  charges  of  coal  suppUed  to  grate  .  .  .  . 

Total  weight  of  coal  supplied  to  grate,  in  pounds  .  -  -  - 

Pounds  of  o«al  actually  consumed  •  -  -  .   .        . 

Pounds  of  coal  withdrawn  and  separated  after  trial  .  .  . 

Mean  weight,  in  pounds,  of  one  cubic  UxA  of  coal  .  .  • 

Pounds  o(  coal  supplied  per  hour,  during  steady  action       .  .  . 

Pounds  of  poal  per  square  foot  of  grate  surfiioe^  per  hour     .  ^  . 

Total  ^^aste,  ashes  and  clinker,  from  100  pounds  of  coal    •  •  . 

Pounds  of  dinkor  alone,  from  100  pounds  of  coal  .  -  -  • 

Ratioof  clinker  to  the  total  waste,  per  cent  -  ... 

Total  pounds  of  water  supplied  to  the  boiler  .... 

Mean  temperature  of  water,  in  degrees  Fahrenheit  ... 

Pounds  of  water  supplied  at  the  end  of  experiment,  to  restore  level 
Deduction  for  temperature  of  water  supplied  at  end  of  experiment,  in  pounds 
Pounds  of  water  evaporated  per  hour,  during  steady  action 
Cubic  feet  of  water  per  hour,  during  steady  action  ... 

Pounds  of  water  per  square  foot  of  heated  surface  per  hour,  by  one  calculation 
Pounds  of  water  per  square  foot,  by  a  mean  of  several  obserratioiis  - 
Watar  evaporated  by  one  of  coal,  from  initial  temperatore  (a)  final  msuU    - 
Water  evaporated  by  one  of  ooal,  from  initial  temp,  (b)  during  steady  action 
Pounds  of  fuel  evaporatk]^  one  cubic  foot  of  water  ... 

Mean  temperature  of  air  entering  below  ash  pit,  during  steady  pressure 
Mean  temperature  of  wet  bulb  thermometer,  during  steady  pressure 
Mean  temperature  of  air,  on  arriving  at  the  grate   .  .  -  - 

Me^  temperature  of  gases,  when  arriving  at  the  chimney  .  -  - 

Mean  temperature  of  steam  in  the  boiler    -  -  -  - 

Mean  temperature  of  attached  thermometer  .  -  .  - 

Mean  height  of  barometer,  in  inches  .  -  -  -  - 

Mean  number  of  volumes  of  air  in  manometer        .  .  .  . 

Mean  height  of  mercury  in  manometer,  in  atmospheres       ... 
Mean  height  of  water  in  syphon  draught  gauge,  in  inches  -  -     '        - 

JVfean  temperature  of  dew  point,  by  calculation      .  -  .  . 

Mean  gain  of  teinperature  by  the  air,  before  reaching  grate  .  .  . 

Mean  diHerence  between  steam  and  esci^ing  kobcb 

Water  to  1  of  coal,  cx>rrected  for  temperature  of  water  in  cistern  and  boiler  - 
'Water  to  I  of  coal,  from  2 1 2°,  corrected  for  temp,  of  water  in  cisteni  and  boiler 
Pounds  of  water,  from  212°,  to  one  cubic  foot  of  coal         .  .  • 

Water,  from  212°,  to  one  pound  of  combustible  matter  of  the  fuel   - 
Mean  pressure,  in  atmospheres,  above  a  vacuum    .... 
Moan  pressure,  in  pounds  per  square  inch,  above  atmosphere 
Condition  of  the  air  plates  at  the  furnace  bridge     .... 
(riches  opening  of  dsimper  ..... 


I 


November  9, 
4.167 
1.083 
14.07 
377.5 
18.76 
2.888 
218.25 
208.38 
9.87 
46.812 
00. 00* 
00.00* 
8.253 
09406 
11.403 
1465.0 
40°.  0 
OO.OOf 
OO.OOf 
660.02 
10.56 
1.74a4 
1.7708 
7.0304 
OO.OOt 
8.890 
49°.5 
42°.  5 
206°.  2 
265°.  2 
282°.2 
46°.t 
30.204 
4.903 
0.6676 
0.334 
28°.ft 
156°.  7 
53°.  6 
7.0304 
8.2044 
384.07 
8.9424 
1.4478 
6.6137 
Closed. 
Upper  8. 


*  No  period  of  steady  action  in  combustion  having  been  satis&ctorily  made  out,  owing  to  the 
gmallness  of  the  sample,  the  1  Ith  and  12th  deductions  are  necessarily  omitted. 

\  The  e:vperiment  was  watched  c^stantly  until  the  valve  was  seated,  and  the  level  of  water  in 
the  boiler  adjusted  at  the  moment  the  steam  ceased  to  escape;  hence  no  deduction  for  water  to  restore 
level  is  required. 

t  This  line  cannot  be  filled,  for  reasons  already  slated. 
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Sttvtninous  coat  from   Canneiton,  Indiana,  sent  for  trial  hy  Jame* 
Boyd,  BBq.,  o/Boaton. 

TTie  following  letter  from  the  agent  of  Mr.  Boyd  accompanied  one 
package  of  this  sample  of  coal : 

*'  LOTTISVILI 

"  Sir  :  By  direction  of  Mr.  James  Boyd,  I  luive  to-da 
by  steamboat  Orpheus,  and  via  Wheeling,  National  n 
box  of  coal  from  Canneiton,  Indiana.    The  object,as  1 
by  analysis  the  department  may  test  its  value  as  a  fuel 
I  send  herewith  the  published  character  of  the  American  Cannel  Coal 
Company,  in  which  you  will  find  Dr.  Jackson's  analysis  of  the  coal.     Dr. 
F.  Hall,  of  Washington,  has  recently  examined  the  banks,  &c.,  and  lias,  I 
learn,  expressed  very  favorable  opinions  of  it  in  a  letter  to  Francis  Mar- 
koe,  Esq.,  which  will  probably  be  published,  and  lo  which  I  would  call 
your  attention. 

"From  an  experiment  reoeotly  made  on  the  steamer  Messeliger,  (the 
results  of  which  can  be  authenticated  and  forwarded,  if  desired,)  Icoft- 
sider  these  facts  as  proven:  that  even  oil  ordinsry  grate  bars,  thid  coal 
can  be  used  wilhom  wood,  and  will  generate  steam  mens  ra'pidly  thati  the 
best  ash  or  beach  wood  ;  that  h  does  not  injure  the  boilers  as  mnCh,«r 
the  furnace  more  than  wood.  As  to  edodomy,  safety,  and  conrvenience, 
&c.,  there  can  be  no  comparison. 

"  Very  respectfully,  your  obedient  servant, 

"HAMILTON  SMITH,         i 
"  One  qf  tht proprietors  qfihe  .4.  C.  CoaLContpany. 

"  The  Hon.  Scckstahy  op  the  Navy,  fyc." 

The  exterior  characters  of  this  coal  are  a  color  deep  black ;  a  lustre 
shining,  dull,  or  resinous,  according  as  the  main  pardngs,  the  horizontal 
seams,  or  the  cross  cleats,  are  observed.  TYie  fracture  is  often  con^hoidal, 
and  the  lustre  dull,  like  that  of  Scotch  cannel  coal.  The  main  partings  are 
at  angles  of  86°  and  94°  to  the  surfaces  of  deposition — such,  at  least,,  ware 
the  inclinations  in  several  specimens  which  I. measured.  The  swfaces 
are  frequently  covered  with  films  of  sulphuret  of  iron.  The  powder,  likie 
that  of  most  other  highly  bituminous  coals,  is  distinctly  browit;  a^iljtbe 
more  so,  the  more  minute  the  subdivision.  Perfect  anthracite  is  of  a  deep 
black,  and  pure  bitumen  is  scarcely  darker  in  color  than  burnt  aienna. 
From  these  limits  there  is  a  gradual  shading  oS  towards  the  opposite  ex- 
treme, according  to  the  greater  Or  less  degree  of  bituminousness  of  the 
coal.  The  streak  left  on  white  earthenware  is  also  distinctly. brown;  it 
has  little  or  no  tendency  to  soil  when  rubbed  with  the  fii^ger.    .  \  .  -■ 

The  specific  gravity  of  one  specimen  of  this  sample  (a)  was  1.2479,  that 
of  another  (A)  l.£975,  and  the  mean  of  these  affords  the  calculated  WBJgbt 
per  cubic  foot  79.545  pounds ;  while  26  (rials  in  tho  charge  box  gave  the 
least  weight  4S.5,  the  greatest  55.25,  and  the  average  of  the  .whole  47.IS49. 
This  shows  the  actual  weight  lo  be  0.5966.  of  the  calculated  iKCJgb't.Ccoip 
taking  the  specific  gravity.  .   ■. .  .,,|  .' 

The  7Jioislure,  in  a  pulverized  specimen  derived  from  40,frugineu;ls^  t>om 
diifcreulluaipsof  this  sample,  was  3.5^7  pel  cent;  th3tofspceimep»(i,fintl 


b  was  not  separately  ascertained.  Twenty-eight  pounds,  dried  in  tae 
steam  apparatus,  gave  of  moisture  0.893  per  cent. 

Tiie, volatile  ma,tter,  including  naoisti^re^  in  a  was  38.157  by  a  moderate 
rate  of  coking ;  and  that  in  A,  by  the  saoie^  treatment,  31.513. 

Specimen  a  gave  of  rather  heavy  yellowish  white  ash,  3.498  per  cent., 
and  .6  of  similarly  colored  xeeidue  8.165*  Hence. the  conaposition  may, 
without  material  error,  be  assumed  as  follows,  viz : 

Specimen  a.         Spedmen  h. 

Moisture,  from  40  specimens       -    ,        -  •  2.597  2.597 

Other  volatile  matter        -            -            -  -  35.560  28.916 

Earthy  matter      -            -            -  '          -  -  3.498  8.165 

Fixed  carbon        ....  -  58.345  60.322 


100.  100. 


Volatile  to  fixed  combjuslible        -  -  1 : 1.6407        1 : 2.086 

Of  the  i^bove  specimen  of  powder  from  40  lumps  of  (he  coal,  71.48  grains 
gave  of  white  ashes  2.73  grains=  3.819  per  cent.  Another  portion  of 
68^87  grains,  incinerated  in  a  similar  manner,  gave  4.065  per  cent,  of 
4jshe6 :  the  mean  of  th^se  is  3.942. 

Of  the  same  powder,  124.17  grains  exposed  in  a  closely  covered  pla- 
tinit¥P:CFUcible  to  a  clear  red  heat  till  $dl  flame  had  subsided,  left  of  intu- 
inesce^t  coke  78.75  grains.  .  Hence  the  loss  was  36.589  per  cent 

,  Tb^- composition  deduced  from  this  analysis  may  be  stated  as  follows  : 
Moisture  -.-.*---      2*597 
Other  volatile  matter        -  -  -  -  -  -    33.992 

Earthy  matter      -  .  -  -  -  -  .      3.942 

Fisted  carbon        -  ..v,*  .  .  .    59.469 


100. 


). 


fi  '     Volatile  to  fixed  combustible=l :  1,74^5.    ' 

Duritig  the  experiments  on  evaporation,  2,465.5  pounds  were  consumed, 
leavhigof— 

A^hes      -            -            -            -            -            -            -  87.000  pounds. 

Ctihker  -            -            -            -            -            -            -  41.000      « 

iSi>o(         -..♦..-  14.365       " 

Of  matter  absolutely  incombustible,  there  were  in  the— 

^.vh^s      "            *.-...  82.143  pounds. 

CHnJter  -            -           -           -            -            .            .  41.000      « 

Soot        -            -           -            -            .            .            -  3.341      " 


Total       .......  126.484       « 

From  which  deduct  wood  ashes  .  -  -  .      0.997      " 


And  it  leaves       •  .  -  -  -  -  125.487  pounds, 

=4.9739  percent,  of  the  coal  burned. 

The  clinker  is  in  this  case  a  mixture,  in  apparently  equal  quantities,  of 
black  vitreous  porous  portions,  with  light  colored  unvitrifiable  shaly  materials. 

The  whole  is  sufficiently  friable  to  be  easily  broken,  and  shows  no  ten- 
dency to  form  continuous  tenacious  sheets.  It  was  observed,  however, 
in  one  instance^  on  clearing  out  the  furnace,  to  adhere  with  considerable 
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force  to  the  grate  bars.  It  weighs  28.98  pounds  p^r  cubic  foot ;  the  ashes 
weigh  55.79^  and  the  soot  3.29  pounds  per  cubic  foot;  the  latter  aoatevial 
being  the  lightest  produced  by  any  sample  in  the  whole  series.  From  the 
oxide  of  lead,  specimen  a  of  this  coal  reduced  24.91  times  its  weight,  which, 
for  one  of  combustible  matter  of  the  specimen,  is  26.527. 

I  cannot  offer  an  analysis  by  the  organic  method  of  any  specimen  from 
the  Cannelton  sample,  but  am  enabled,  through  the  kindness  of  the  distin- 
guished proprietor  of  an  estate  in  the  same  coal  field  at  Caseyville,  Ken- 
tucky, to  present  the  following  result,  which,  so  far  as  ihSiConMtUutioitof 
the  combustible  viatteria  concerned,  may  be  considered  as  affocdiog-a  type 
of  the  Cannelton  coal. 

The  specimen  referred  to  had  a  specific  gravity  of  1.39i3, 

By  exposure  to  a  temperature  of  250°  Fah.,  it  lost  l.l5i  per  cent,  of  its 
weight. 

By  rapid  coking,  the  total  loss  is  37.96,  and  by  slow  coking  31.82  per 
cent. 

Four  incinerations  (the  results  of  which  very  nearly  approached  eaeh 
other)  gave  the  mean  amotmt  of  earthy  matter  23.6875  per  cent.  Henco 
the  proxirhate  ingredients  were  as  follows  : 

Moisture           .-..-.  1.151 

Other  volatile  matter,  (by  slow  coking)            -            -  30.669 

Earthy  matter  ------  23.687 

Fixed  carbon    -            -           -            -            -     .      .  44.493 


\QO. 


Volatile  to  fixed  combustible  -  -      1 : 1.45     • 

Of  this  coal,  well  dried,  4J21  grains  (equal  to  4.259  grains  of  the  raw 
coal)  were  taken  for  analysis.  This  was  treated  in  a  combustion -tube 
with  fused  chromate  of  lead^-a  small  portion  of  chlorate  of  potash  being 
used  to  complete  the  combustion,  and  for  that  purpose  placed  near  the  bot- 
tom of  the  tube. 

Having  conducted  the  process  with  all  the  usual  precautions,  the  analysis 
yielded  8.96  grains  carbonic  acid,  and  1.92  grain  water. 

This  gives  carbon         ....      2.4436  grains. 
hydrogen     -  -  -  -      0.2133      *^ 

2.G569       <* 


The  ashes  in  4Jg50  grains  of  the  raw  coal  was  -      1.0088  grain. 
And  the  water  ....  -      0.0490     " 

The  total  combustible  matter  was  therefore  3.2012  grains;  from  which 
deducting  2.6569,  the  remainder  (oxygen  and  azote)  is  0.5443  grain. 

The  raw  coal  will,  therefore,  be  composed  of  the  following  ingredients,  viz : 
Moisture  -  -  -  =  1.151 

Carbon  -     2.4436^  C  =57.375^ 

Hydrogen  -      .2133  V  -4-4.259  <  =  5.008  V  Combustible  ingredients. 

Oxygen  and  azote      .5443)  ^=12.779)  • 

Ashes  -  -  -  =23.687 

100. 
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As  the  fixed  earboft  b/^ow  coking  *vas  44.493^  it  appears  that  the  por- 
tion  of  carbon  ToIatiHeel  was  -        57.375—44.493=12.882  per  cpoU 

hydrogen      .....  5.008 

oxygen  and  azote     -  -  -  -  12.779 

30.669 


Comparing  together  the  (Combustible  itigredients  alone,  there  will  be 
found  in  100  parts  of— 

Carbon  ....        76.335=12.722  atoms. 

Hydrogen       ....  6.663=  6.663      " 

Oxygen  and  azote      *  ^  -        17.002=  2.125      " 

In  order  to  verify  the  above,  I  analyzed  another  portion  of  the  same 
powder,  by  means  of  the  scale  oxide  or  copper;  using,  however,  more  thar^ 
double  the  quantity  of  coal  previously  employed. 

8.87  grains  of  the  dried  coal  (equal  to  8.9733  grains  of  raw  coal)  were- 
treated  with  that  oxide  recently  recalcined  and  heated,  and  then  placed 
with  all  care  in  a  dry  tube,  and  all  moisture  carefully  exhausted. 

The  carbonic  acid  collected  was  -  -        18.66  grains. 

Water  ......  3.86      " 

Henoe  the — 
(Jarbon  is  .....      510691  gi^ins. 

Hydrogen     .     «  -  -  -  -      0.4266      « 

The  moisture  and  ashes  being  deducted  from  the  raw  coal,  leave  8.9733^ 
— 2.2288^6.7445  of  combustible  matter;  from  which  taking  the  carbon 
and  hydrogen,  there  remains  1.228S  grain  for  oxygen  and  azote.  From 
theie  data  the  following  results  are  derived : 

Moisture,  as  above  -  -    r=r  i;i51 

Carbon    -  -     5.0891-5^8.9733=56.714 

;  Hydrogen     '      -      .4266-^8.9738=  4.754  J^  Combustible  materials^ 
Oxygen  and  azote  -  *    =^13.694 

Ashes     -  •  -         *   -    =23.687 


100. 


Deducting,  a^s  before,  moisture  and  ashes,  the  combustible  ingredients 
are  related  to  each  other  as  follows : 

Carbon  ....  75.456=12.576  atoms. 

Hydrogen   .     -  -  -  -        6.325=  6.325      " 

O&ygen  and  azote       -  -  *  is,^i^±z  2.252      ** 

I  am  disposeid  to  attribute  the  slight  superiority  of  hydrogen  in  the  first 
'over  that  In  the  second  analysis  to  a  trifling  amount  of  moisture  adhering 
to  the  chlorite  of  potash;  for  though  this  substance  is  generally  regarded 
as  anhydrous,  I  found,  by  exposure  in  a  porcelain  crucible  to  a  tempera-  ' 
ture  of  390*^,  at  which  it  began  to  fuse,  the  loss  ^as  0.82  per  cent.,  as  al- 
ready stated  in  a  former  part  of  this  report.  Having,  in  a  second  experi- 
ment, with  chrortrrate  oflead  and  chlorate  of  potash  treated  12.32  grains  of 
dried  coal,  I  procured  5.29  grains  of  water,  which  makes  the  hydrogen 
6.274  per  cent,  of  the  combustible  matter;  and  in  a  fourth  trial,  in  which 
the  precipi/ a  led  oxide  of  copper  was  employed,  and  the  weight  of  dried 
coal  was  6.38  graiiis,the  proportion  of  hydrogen  obtained  was  6.596.  Hence 
the  following  aflbrds  the  result  of  these  four  trials  : 
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1.  With  ohromate  of  lead  Byarogen. 
and  undried  chlorate 

of  potash        -  •    4.21  grains  df  dried  coal  gave  6.663  p.  c. 

2.  With  .scale   oxide  of 

copper  -  -    8.87  "  «  6.325    <* 

3.  With   chromate    and  • 

dried  chlorate  -  -  12.32  <*  «  6.274    ^ 

4.  With  precipitated  ox- 
ide of  copper  .  -     6.38  «  *^  6.596     « 

Mean        ....  6^645  " 


1  may  mention  that  Richitrdson  found  the  "  parrot^'  coal  of  Edinhurgh 
to'pbssess  6.326  per  cent,  of  hydrogen  among  its  combustible  ingredients^ 
whibh  agrees  very  nearly  (that  is,  within  the  thousandth  part  of  one  per 
.  cent.)  with  my  determination  of  the  proportion  in  Caseyville  coal^  by  means  * 
of  the  iscale  oxide  of  copper. 

Assuming  the  mean  of  the  above  two  determinations  of  the  carbon,  and 
that  of  the  four  trials  for  hydrogen,  to  represent  truly  the  relation  of  those 
two  constituents  in  the  combustible  matter  of  this  coal,  we  have  the  meads 
of  computing  the  heating  power  of  those  elements,  according  to  the  prin- 
ciple hitherto  adopted  by  chemists. 
The  combustible  will  consist  of — 

Carbon         -  -  -  -  -  -        75.8950 

Hydrogen     -  -  -  -  .  .  6.4645 

Oxygen  and  azote     •  -  .  .  .        17.6405 

100* 

ill  iSS  • 


Deducting  one-eighth  of  the  weight  of  oxygen  from  that  of  the  hydro* 
gen,  there  remains  4.259. 
Hence  a04259x62535=:2663z=the  heating  power  of  the  hydrogen; 

and  0.75895  x  12906=:9795=the  heating  power  of  the  carbon^ 
Reduced  to  steam-generating  power,  these  numbers. give — 

2.585  lbs.  of  steam  to  1  lb.  of  combustible,  due  to  hydrogen^ 
and      9.509  '*  "  «  "  carbon- 


Total     12.094 


By  reference  to  the  table  of  experiments  on  gases  drawn  from  the  flues, 
it  will  be  seen  that  two  trials  were  made  on  the  products  of  combustiob 
from  Cannelton  coal,  and  that  the  mean  heating  power  of  one  pound  9f 
coal  (as  the  same  was  applied  to  all  the  four  absorbents  of  that  power)  was 
8.977  pounds  of  water  generated  from  212°.  As  the  moisture  and  waq^ 
amounted  to  6.01S  per  cent,  the  combustible  is  0.93928  of  the  coal.  Hence 
8.977 -5-0.93928=9. 557=the  heating  power  of  one  of  combustible^  which, 
as  in  a  preceding  case,  is  almost  identical  with  the  above  calculated  steam- 
generating  power  of  the  carbon  alone,  independent  of  the  hydrogen- 
Trial  was  made  of  this  coal  in  the  Qhain  and  anchor  shops.  In  the  for- 
mer, 60  pounds  were  found  sufficient  to  put  in  only  5  links  of  ft  chain  l\i 
inch  in  diameter.  It  produced  a  great  blaze  at  first,  but  seemed  soon  to  "go 
away  into  chalf/'  as  expressed  in  the  significant  language  of  the  workman 
employed  in  testing  it.  >  The  coal  of  Atkinson  &  Templcman  had  put  in 
of  the  same  chain  8  links  by  60  pounds ;  and  the  mean  evaporative  power 
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of  that  sample  was  10.699  of  water  from  212^,  while  that  of  the  Cannelton 
coal  was  7.341.  Now  10.G99  : 7.341 : :  8  :  5.4.  This  last  is  the  number  of 
links  which  the  Caanelfoa  coal  ought  to  have  made^had  its  heating  power 
in  the  smith's  forge  been  proportionate  to  its  evaporative  power.  The  two 
resiilts  agree  within  the  fraction  of  four-nineteenths  of  a  link.  The  true 
numbers  of  links  would  probably  have  been  80  and  54,  had  teu  times  as 
much  coal  been  employed  m  each  case. 

In  the  anchor  shop  it  proved  very  light,  made  a  transient  hot  blaze,  al- 
most insupportable  by  the  workmen;  but  as  soon  as  that  was  gone,  left 
scarcely  anything  behind,  and  made  no  hollow  fire. 

In  an  office  grate,  a  lump  15  inches  in  diameter  was  laid  on  a  mass  of 
ignited  coke.  .  It  immediately  took  fire,  and  in  three  minutes  was  giving 
off  a  brilliant  flame.  From  its  flaky  texture,  it  speedily  disintegrated  into 
flat  masses,  burning  with  little  intumescence,  and  scarcely  any  tendency 
to  aRglutination.  This  property  allows  a  free  passage  to  the  air,  favors 
rapia  combustion,  and  causes  the  exhibition  of  an  exceedingly  brilliant 
.light.  When  the  white  flame  had  subsided,  it  was  followed  by  one  of  a 
bright  blue  or  purplish  tint,  (cyanogen  ?)  which  having  subsided,  left  a  light 
porous  glowing  coke,  falling  readily  into  small  fragments,  which  preserve, 
to  some  extent,  the  original  lamellated  appearance  of  the  coal.  On  the 
grate,  under  the  steam  boiler,  it  was  observed  to  ignite  readily ;  and  it  took 
only  half  an  hour  to  bring  the  boiler  into  steady  action,  from  the  time  the 
wood  was  withdrawn,  and  the  charging  with  coal  had  comm^^nced.  No 
serious  inconvenience  was  felt  from  the  passage  of  fragments  tlirough  the 
grate.  Its  prompt  and  rapid  action  appears  to  adapt  it,  in  a  remarkable' 
manner,  to  the  purposes  of  Western  steamboats.  It  seems  to  bear  trans- 
portation better  than  any  other  sample  of  bituminous  coal  which  came  un- 
der notice.  A  large  box  which  had  tome  from  the  mines  by  steamboat, 
^vagon^  railroad  car,  and  drays,  and  had  been  subjected  to  five  or  six  tran- 
shipments, contained  scarcely  any  fine  coal.  Its  very  s/light  tendency  to 
soil  will  also  recommend  it.  The  average  quantity  of  unburnt  coke  left  on 
the  grate  was  but  6^  pounds.  This  coal  was  received  in  three  distinct 
packages,  at  as  many  dfifferent  times ;  and  there  is  reason  to  think  that  one 
part  was  taken  from  nearer  the  outcrop  of  the  bed  than  the  rest.  This  sup- 
position is  strengthened  not  only  by  the  appearance  of  the  coal,  but  by  the 
diflerence  in  evaporative  eflects  on  the  two  trials,  and  the  difference  in 
amount  of  waste ;  the  latter  being  one-fourth  greater  on  the  first  trial  than 
on  the  second.  The  average  weight  per  cubic  foot  was  more  than  3.5 
pounds  (ot  upwards  of  7  per  cent.)  less  on  the  second  than  on  the  first  trial. 

The  coal  now  under  consideration  was  the  only  really  available  sample 
'forwarded  for  trial  from  the  great  coal  fields  of  the  West.  I  may  add, 
however,  that  two  or  three  specimens  were  offered  for  analysis^  besides 
that  received  from  Casey  ville,  already  noticed. 

A  specimen  from  Wheeling,  Virginia,  had  the  following  composition — 
its  specific  gravity  being  1.2804: 

The  hygrometric  moisture  was  -  -      1.414  per  cent. 

Other  volatile  matter  -  -  - .         -    42.626      " 

Fixed  carbon   -----    52.030      " 
Earthy  matter  -----      3.930      *« 

'  100. 
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The  sulpbur  was  0.703  of -one  per  cent.;  the  fixed  to  volatile  combustible 
1  : 1.22.  The  surfaces  of  deposition  are  covered  with  mineralized  charcoal. 
The  main  partings  ar^  beautifully  defined  planes,  ineliaed  88^  to  those  of 
deposition.  -The  cross  partings  are  also  pretty  well  defined,  and  exhibit  a 
pitchy  lustre.  It  is  a  rich  coking  coal,  and  will  produce  a  large  portion  of 
highly  illuminating  gas. 

A  specimen  from  the  Osage  river,  Missouri,  had,  hi  its  dry  state,  a  spe- 
cific gravity  less  than  1,  as  it  floated  on  water.  When  allowed  to  ini^bi|;>e 
water,  it  sank,  and  Was,  when  fully  saturated,  found  to  have  a  specific  grav- 
ity of  1.2.     It  contained  of — 

Moisture,  expelled  at  230®  -  -  -  -    1.67  percent* 

Other  volatile  matter  -  •  -  -41.83 


Fixed  carbon  .  •  .  .  -  51.16 

Earthy  matter         ....  -    5.34 


ii 


100. 

A  trial  for  sulphur  gave  0.482  per  cent  of  that  material. 

From  the  above  analysis^  the  volatile  is  to  the  fixed  combustible  as 
1 : 1.223.  An  analysis  by  the  cbromate  of  lead  and  the  chlorate  of  potash, 
proved  the  combustible  matter  of  this  specimen  to  consist  of — 

Carbon      -----    81.855=13.642  atoms. 
Hydrogen  -  -  .  .      6.168=  6.168      " 

Oxygen,  &c.  .  -  •  .    1 1.977=  1,497      *^ 

100. 


From  this  analysis,  the  computation  of  evaporative  power,  assumed  to 
be  proportionate  to  the  carbon,  will  give  a  result  of  10.266  to  1  of  combus- 
lible,  and  of  9.66  to  1  of  the  raw  coal. 

A  specimen  of  pure  bitumen,  having  a  specific  gravity  of  1*1558,  was 
found  to  contain  of — 

Volatile  matter  -  -  -  -        .    -  -    72.439 

Fixed  carbon      ---.-.    24.799 
Earthy  matter    .--.--      2.762 

100. 


In  this  substance,  therefore,  the  volatile  is  to  the  fixed  combustible  as 
1 : 0.3423.  Analyzed  with  the  scale  oxide  of  copper,  8.16  grains  of  this 
bitumen  yielded  5.73  grains  of  water,  and  22.6  grains  of  carbonic  acid ; 
from  which  is  deduced  the  following  composition  of  100  parts  of  its  com- 
bustible matter,  viz  : 

Carbon 77.679 

Hydrogen  -  -  -  -  -  -      8.023' 

Oxygen  and  azote  .  -  •  .  .    14.298 

100. 


The  calculated  evaporative  power  of  the  carbon  in  1  of  this  combustible 
matter,  is  9.464. 
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TABLE  CLXXXIIL— CAN 


jFVft/  tnal^-'vpper  damper  B  im^hes  open;  air  plates  closed; 


Dste. 


Nov.  7 


Hour. 


Not.  8 


A.  X. 

8  16 


TEKPEKATUBU  OF  THX 


J 


43 


9.46 
10.16 
10.46 


46 
44 
44 


11.10  44 
11.46  43 
p.  X. 
0.16  44 

0.46  '47 
1.15  [48 

1.45  ;48 
2.15  48 

2.46  ,49 
3.05  49 

51 
161 


S 

o 


I 


I 


41 


3.30 
4.00 
4.80)61 


6.00 


6.25 


10.00 
hO.lS 


52 


51 


41 
42 

42 

42 
41 

42 

43 
45 
46 
46 

47 
47 
48 
4d 
48 
48 

47 


•ft 

< 


i 


148 


46 
44 


40.5 
40 


6.10  kl. 537. 6 
6.40  41  |38 


128 
132 
146 

168 
208 

232 

254 
270 
282 

tSvX 

296 
303 
310 
314 
820 
325 

387 


r 


§ 


.6 


46 


278 


284, 


209 
206 


246 
272 
261 

294 
297 

305 

306 
307 
314 
820 
312 
320 
321 
316 
880 
335 

332 


204 

196 

174 
172 


47 
46 
46 

47 
44 

44 

44 
44 
44 
44 
45 
46 
44 
44 
44 
45 

44 


.a 

00 


a 


202 


231 
234 


42 


42 

42 


44 

44 

44 
44 


234|48 

232*44 

234|44 

23544 


233 


233 
233 


«■ 

I 

n 


30.01 


43 


23343.5 
23344 


44 
46 


233  45 
23245 
23245 
2831,46 
23346 


230 


230 


229  43 


46 


43 


216 
214 


40.5 
40.6 


30.01 
30.01 
30.01 

30.01 
30.01 

30.00 

29.99 
29.99 
29.97 
29.97 
29.98 
29.99 
29.99 
30.00 
30.00 
30.00 

30.02 


0.373 


30.03 

30.03 

30.07 
30.07 


0.678 
0.675 
0.676 

0.672 
6.576 

0.568 

0.577 
0.574 
0.573 
0.673 
0.674 
0.573 
0.564 
0.674 
0.6T2 
0.676 

0.578 


0.644 

0.524 

0416 
0.405 


.a 

n 


e 
I 


o 


.a 

I 

I 


g 

•g. 


!• 


6.83 


4.80 
4.88 

4.82 

8.86 
4.82 

4  90 

4.81 

4.84 

4.86 

4.86 

4.84 

4.86 

4.941 

4.84 

4.86 

4.82 

4.80 


0.18 

0.39 
0.84 
0.81 


6.13 

5.32 

6.40 
6.61 


0.36 
0.38 

0.37 

0.35 
0^6 
0.34 
0.37 
0.36 
0.34 
0.34 
0.37 
0.86 
036 


"Z 


804 

907 


1284 
1939 

2426 

2791 
3311 
3726 
4064 
4831 
4831 
6153 
6653 
6121 
6611 


^ 
^ 


99.50 

106.25 
98.76 


0.33 

0.28 

0.28 

0.25 
0.24 


7311 


7311 

7473 

7476 
7516 


91.00 
97.76 

99.76 

96.26 
104.60 

93.50 
94.60 

97.00 

96.76 
110.60 


Period  of  steady  action,  from  10&.  46m.  a.  m.  to  4^.  41in.  p.  iii.«5A.  56m.;  coa)  supplied 
6«ring  that  time^  981.6  lbs.;  water  mipplied  to  boOer  durthg  that  time,  5,893  lbs:  water  to  1  of 
coal,  6.496.    ^ 
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NELTON  (mWANA)  COAL.     ^ 

ateatn  thrown  into  chimney, .and.amalt furnace  m  action. 


\ 

1? 


m. 


9.45 
10.15 
10.45 

ii.bi 

11.87 

11.67 

0.30 
0.59 

3.04 
3.40 

3.38 

4.03 
4.41 


^1 


r 


10 

I. 


I 


1 


38.8 


30.1 
88.1 
38.1 

88.1 
36.8 

38.1 

35.5 
40.0 
40.0 
40.0 
44.1 
44.1 
43.8 
43.8 
43.8 
43.4 

41.1 


30.4 

30.9 

36.7 
30.3 


105 


83 

88 

103 

134 
165 

188 

307 
333 
334 
344 
340 
354 
359 
363 
369 
373 

386 

333 

^0 

167.5 
165 


III 


-4-15 
38 
37 


63 
63 

70 

73 
74 
81 
87 
79 
87 
89 
84 
97 
103 


103 

—36 

—33 

—43 
—43 


M 


11 


1.610 
3.195 


3.397 
3.975 

3.580 

1.933 
3.335 
3.748 
1.790 


REMARKS— Grala  lurfkce  14.07  squarei  feet;  laogth  of 
circuit  oC  heidod  gaeet  131  feet;  hei^t  of  chinmey  63  feet 


Morning  cloudy;  wind  W.,  li^^t;  commenced  firing  at  Sh, 

20m.  a.  m. 
Wood  consumed,  176^  lbs. ;  commenced  charging  with  ooal. 
8team  blows  off  at  lOA.  a.  m.;  damper  set  at  8  inches; 

steam  allowed  to  escape  from  back  valve  at  lOA.  83i».  a. 

m. ;  snowing  and  raining.     This  coal  ignites  promptly; 

at  llA.  a.  m.  snowing. 
Fiii^  tank  at  UA.  15m.  a.  m.;  grate  bars  red. 

Commenced  drawmg  gases  at  Oh,  Im.  p.  m.;  drew  in  46 
minutes  100  cubic  inches,  whidi  gave  0.99  grain  water, 
carbonic  add  7.40  grains,  oxygen  5  cubic  inches. 

Ceased  snowing. 


I 


Filling  tank;  water  1  inch  above  normal  level. 
Water  at  normal  level;  tank  filled. 


3.437 

3.045 

3.649    Wind  W.;  clearing  off! 

3  477 

3.596 


Contents  of  ash  pit  thrown  on  grate;  damper  reduced  to  3 
inches. 

Water  0.45  inch  below  normal  level;  closed  damper  and  air 
port. 

Water  0.07  inch  below  normal  level,  after  lettmg  in  163 

pounds. 
Water  0.38  mch  below  normal  level. 
Water  in  boiler  adjusted. 


RB8HHTA. 

Pounds* 
Oinkflr         .-----.--.      36.35 
Ashes  .-..---..-      46.35 

Aahee  behind  bridge  -  ^•.-....        3.50 

75.00 
Deduct  wood  ashes    •--•.....        0.54 

Total  waste  from  coal  •  •*  •  .^.  .  .  .      74.46 

8oat  •-  •  -  -  -  -  -,.        9.635 

Cokt  -, 7.00 

/ 
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TABLE  CLXXXIV.— CAN 

Second  trial — ttpptr  damper  8  inches  open;  air  plates  open; 


!i 


543 
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NELTON  (INDIANA)  COAL. 


steam  thrown  into  chimney,  and  small  furntuie  in  action. 


8 

•S 


A*  fn* 


0.00 
0.23 

054 


1.42 
2.20 
2.22 
3.20 
3.47 
4.80 
4.54 

5.52 
6.23 

7.05 


I 

I 


34.0 


^5P 


©'3  5 

q  «  « 

CD 


27.9 
27.9 

87.5 

29.5 
26.4 
31.4 
34.8 
35.0 
38.2 
38.2 
36.6 
38.2 
36.6 
36.6 

88.2 


38.5 

23.3 
37.9 

21.3 
21.3 


126 


103 
105 

115 

136 

157.6 

167 

180 

182 

212 

221 

243 

251 

258 

262 

277 

281 

283 
281 

180 
176 


'-3 


£    00 


list 


4 
13 


31 

69 

89 

74 

85 

79 

100 

88 

83 

108 

103 

105 


97 

79 

35 
28 

—34 
—33 


2.135 


REMARKS. — Grate  surface  14.07  square  feet;  length  of 
circuit  of  heated  gases  121  ieet;  height  of  diunney  68  feet. 


2.331 

2.119 
3.126 
2.723 
2.638 
2.575 
2.688 

2.437 
3.078 
2.718 
2.527 


2.061 


Commenced  firing;  sky  overclouded^  trind  NW.,  bride. 

Wood  consumed,  151  lbs. ;  commenced  charging  with  coal. 

Steam  allowed  to  blow  (xGT  at  OA.  8m.;  damper  set  at  8 
inches;  air  plates  qwned  at  OA.  13in.  Commenced 
drawing  gases  at  Xh-  19m. ;  drew  in  45  minutes  100  cubic 
inches,  which  gave  wat^r  1.42  grain,  carbonic  acid  7.88 
grains,  oxygen  7.708  cubic  inches. 


Filling  tank;  water  1.2  indi  below  normal  level. 
Tank  filled  at  4A.  50/n. 


\ 


Tank  partly  filled. 

Contfmts  of  ash  pit  thrown  on  grate,  and  air  plates  closed 
at  Ik,  30m. 

28  lbs.  of  this  coal  in  drying  apparatus  weighed  (Novem- 
ber 9)  27}  lbs. 

Water  0.65  inch  below  normal  level. 

Water  left  at  0. 15  inch  above  normal  level. 

Found  water  0.55  inch  below  normal  level. 
Water  hi  b^er  adjusted. 


RESIDUA. 


Chnker 

Ashes 

Ashes  behind  bridge 

Total  clinker  and  ashes 
Deduct  wood  ariies    - 


Total  waste  from  coal 

Coke 

Soot 


Poundt. 
14.75 
36.75 
K50 

58.00 
••463 

58.537 

a.7s 
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TABLE  CLXXXV.— DEDUCTIONS  FROM 


Experiments  on 


1 
3 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

16 

16 

17 

18 

19 

80 
21 
S8 

33 

34 
35 

36 
37 

38 
39 
30 
31 
33 
83 
84 
85 
36 
37 


Nature  of  the  data  furniahed  hy  (he  I'leepecfiTe  table*. 


Total  dnralwn  of  tiie  experiment,  in  boon  .  .  - 

Duration  of  steady  action,  in  hours  .  .  .  - 

Area  of  grate,  in  square  feet  -  -  -  - 

Area  of  heated  sur&ce  of  boiler,  in  square  feet 
Area  of  boiler  exposed  to  direct  radiation,  in  square  feet 
Number  of  charges  of  coal  supplied  to  grate  - 
Total  weight  of  coal  supplied  to  grate,  in  pounds 
Pounda  of  coal  actuaU^y  consumed   -  •.  «  - 

Pounds  of  coal  withdrawn  and  separated  after  trial    •> 
Mean  weight,  in  pounds,  of  one  cubic  £oot  of  ooal     - 
Pounds  of  coal  supplied  per  hour,  during  steady  action 
Pounds  of  coal  per  square  foot  of  grate  sur&ce,  pec  hour 
Total' wasto^  ashes  and  clinker,  from  100  pounds  of  coal 
Pounds  of  dinker  alone,  from  100  pounds  of  coal     - 
Ratio  of  clinker  to  the  total  wastes  per  cent.  -  -  . 

Total  pounds  of  water  supplied  to  the  boiler  -  .  - 

Mean  temperature  of  water,  in  degrees  Fahrenheit    - 
Pounds  of  water  supplied  at  the  end  of  experiment,  to  restore  level 
Deduction  for  temperature  of  water  supplied  at  end  of  experi- 

ment|  in  pounds  -  -  -     .       - 

Pounds  of  water  evaporated  per  hour,  during  steady  action    - 
Cubic  feet  of  water  per  hour,  during  steady  action    - 
Pounds  of  water  per  square  foot  of  heated  sur&ce  per  hour, 

by  one  calculation  -  -  -  .  . 

Pounds  of  water  per  square  foot,  by  a  mean  of  several  obser* 

vations  ------- 

Water  evaporated  by  .1  of  coal,  from  intialtemp.  (a)  final  resvU 
Water  evaporated  by  1  of  coal,  from  initial  temp,  (b)  during 

steady  action       ------ 

Pounds  of  fuel  evaporating  one  cubic  foot  of  water    - 

Mean  temperature  of  air  ente^g  below  ash  pit,  during  steady 

pressure-  - 

Mean  temp,  of  wet  bulb  thcrmom.,  during  steady  pressure    - 
Mean  temp^ature  of  ail,  Qnarriviog  at  the  grale 
Mean  temperature  of  g^ascs,  when  ^ving  at  the  chimney 
Mean  temperature  of  steam  in  the  boiler        ... 
Mean  temperature  of  attached  thermometer  -  -  - 

Mean  height  of  barometer,  in  inches  -   .         - 

Mean  number  of  volumes  of  air  in  manometer 
Mean  height  of  mercury  in  manometer,  in  atmospheres 
Mean  height  of  water  in  syphon  draught  gauge,  in  inches 
Mean  temperature  of  dew  point,  by  calculation 
38  ^  Mean  gain  of  temperature  by  the  air,  before  reaching  grate    - 


Ist  Trial. 
Tab.CLXXXm. 


3d  Trial. 
(TBb.CIJGaaT.> 


39^ 
40 
41 

4S^ 

4$ 
44 
46 
46 
47 


Mean  di^rence  between  steam  and  escaping  gases    - 
Water  to  1  of  coal,  corrected  for  temperature  of  water  in  cistern 
Water  to  1  of  ooal,  from  313^,  corrected  for  temperature  of 
water  in  cistern  --.... 
Pounds  of  water,  from  312^,  to  1  cubic  foot  of  coal  - 
Water,  from  313^,  to  1  poundofccsnbustible  matter  of  the  fuel 
Mean  pressure,  in  atmospheres,  above  a  vacuum 
Moan  pressure,  in  pounds  per  square  inch,  above  atmosphere 
*Oondition  of  the  air  plat^  at  the  furnace  bridge 
Inches  opening  of  damper,  (U.  upper)         -  .  . 


Novemb€r  7. 
83.417 
5.933 
14.07 
377.6 
18.75 
13.0 
1286.0 
1379.0 
7.0 
49.461 
165.431 
11.758 
5.8217 
3.0397 
35.036 
7516.00 
44».40 
30.00 

3.0 

909.096 
14.545 

8.408 

3.404 
5.873 

5.495 
10.6437 

470. 64 
44°.  76 
8540.06 
305M8 
233<>.82 
44**.  20 
39.997 
4.843 
0.5737 
0.3561 
39^.88 
306<*.43 
79^85 
5.872 

6.8275 
337.70 
7.3495 
1.4^04 
6.7987 

Closed. 

U.  8 


I 


November  8. 
30.533 
6.183 
14.07 
377.5 
18.75 
13.0 
1191.78 
1186.0 
5.75 
45.836 
146.693 
10.436 
4.439 
1.3319 
37.811 
8019.0 
43<>.6 
135.0 

19.0 
971.9105 
15.551 

3.575 

3.631 
6.745 

6.625 
9.3661 

60«>.7 
44*».4 
Jl4l<>.93 
809<>.13 
333<>.93 
46^63 
30.1333 
4.8113 
0.5769 
0.4183 
330.3 
1910.33 
81^.5 
6.746 

7.8543 
360.01 
8.3183 
1.4734 
6.9930 

Open. 

U.  8 
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TABLES  CLXXXm,  CLXXXIV. 

Cannelion  (la.)  coal. 


]5e.0615 

11.093 

6.1254 

1.6358 

31.4235 


940  5033 
16.048 

S.49I5 


6.3085 

6.060 
9.9549 


S47<>.90 
a07*».165 


0.3872 

198^.825 
8ao.  176 
6.3085 

7.3409 
348.865 
7.7339 
1.46^9 
6.8953 


A  totarable  aeeoiduwewilfke  tend  Mvtmii  Hit  toJ  iMuItein  die  two  tikYib  at 
seen  in  this  line,  witfa  those  of  ths  ofoit  bd^w,  toived  from  sbsenratigiis  dpriof 
the  pflriod  of  steady  aotion. 


Ai  obiioos  ft^nta^^s  was  obtained  In  oomonrf,  both  if  tine  tad  ftid»  hi  using  %% 
open  air  plate^  as  in  tiio  seooiid  ttiaL 


Si 


■    ■*!■  m 
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Having  completed  tlie  description  of  the  fourth  classof  coals^I  may  here 
exhibit  its  relations  to  the  series  from  Virginia.  The  synoptical  table 
(page  551 )  will  show  that  the  average  weight  per  cubic  foot  of  eight  sam- 
ples of  fiireigii  and  western  coals  is  49.31  pounds.  The  table  already 
given  of  eleven  samples  of  Virginia  coals  proves  that  they  weighed  49.28 
pounds.  Eight  foreign  and  western  coals  gave  an  average  evaporative 
power  of  7.984.  Ten  Virginia  coals  gave  8.477.  Eight  foreign  and 
western^all  burned  wiih  the  chimney  63  feet  high,  evaporated  on  an 
average  13.778  cubic  feet  of  water  per  hour.  Six  Virginia  coals,  burned 
with  the  same  height  of  chimney,  gave  13.73  cubic  feet  per  hour.  The 
lead  reducing  power  of  the  combusiibie  mutter  of  the  fourth  class,  com- 
pared with  their  evaporative  power  and  with  the  ratios  of  fixed  to  volatile 
material,  is  seen  in  ti.e  following  : 


Name  of  cotl. 

Stemmto  1  of 
comlraitibie. 

Letdtol  of 
comlnistible. 

rued  to  1  Tol- 
atUe  natter. 

PJdOB,  (New^York)        -            -      '     - 
Pictoa,  (CuDtrd*!)          .            -            -            - 
NewcMtle           .            -            -            .            . 

PittrlKiig 

Sidney 

Liverpool             -            .            -            -            - 
CMUirlton           -            -            -            -            . 
Scotch    ------ 

9.710 
9.648 
9.178 
8.942 
8  497 
8255 
7.734 
7.719 

28.18 
26.69 
27.65 
28.89 
29.15 
27.88 
26.53 
27  03 

2.105 
2.693 
1.601 
2.014 
2.838 
1.613 
1.719 
1.267 

Avertg»  ------ 

8.710 

27.74 

1.965 

Avecmge  often  Viigiotacoalf       -           -           . 

9.623 

28.194 

2.054 

No.  9. 
Exptrimeni  on  dr^  pine  wood. 

During  th<^  progress  of  these  experiments,  there  were  used  in  heating  up 
the  bf titer  and  iiscontents,with  the  brick  work  ofthe  furnace,  25,367  pounds 
or  9  4  jcords  of  dry  yellow  pine  wood.  This  was  ofthe  ordinary  kind,  pro- 
cured for  U5C  under  the  boilers  which  drive  the  engines  in  the  navy  yard. 

It  was  brought  to  the  apparatus  from  a  pile  kept  in  the  open  air,  and 
consequently  was  dependent,  in  some  degree,  on  the  state  of  the  weather 
for  the  qnaniiry  of  moist*ire  which  adhered  to  it,  and  which  caused  a  de- 
gree of  diversity  in  the  heating  power  it  exhibited  at  different  times. 

It  will  bo  found,  on  computing  the  weight  of  wood  required  to  raise 
the  temperainro  of  the  boiler  1®,  that  this  weight  was  gecerally  the  less, 
a.*^  the  total  range  of  temperature  througli  which  the  boiler  |vas  lieated 
was  greater.     It  must  evidently  be  so,  because,  in  commencing  many  of 
the  experiments,  the  temperature  was  either  at  or  above  212°,  and  almost 
ihe  whole  healing  power  of  the  fuel  was  then  expended  in  generating 
steam,  or  increa.'^ihg  the  density  of  that  already  existing  in  ilie  boiler. 
When,   on    the- confrart',  the    experiment   commenced    with   the   tem- 
perature of  tfie  water  wiihiu.  the  boiler  100°  or  more  belotv  the  boiling 
point,  a  considerable  proporiion  of  the  heat  was  expended  in  merely  rais- 
in;^ temprrature.     This  subject  will  be  made  intelligible  by  the  follow- 
ing' short  table,  which  has  been  drawn  from  the  various  tables  of  daily 
4jb  ervations  un  thu  amount  of  wood  burned,  as  seen  under  the  head  of 
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"remarks,"  and  from  the  corresponding  ranges  of  temperature  through 
which  the  water  in  the  boiler  was  raised. 

TABLE  CLXXXVI. 

I 

t 

Oflht  efficiency  of  pine  wood  in  raising  temperature. 


4<> 
6 

8 
10 
19 
U 
16 
18 
30 
33 
24 
26 


16.43  Dm. 

13.83 

10.83 

8.16 

7.01 

7.36 

6.81 

6.48 

6.13 

6.30 

6.50 

6.37 


I 


38® 

30 

64 

36 

40 

43 

44 

46 

48 

64 

68 

63 


The  deviations  from  a  regularly  diminishing  series  of  luiihbers,  express- 
ing the  weights  of  wood  for  1®,  are  douhlless  caused  in  part  by  ihe  fact 
that  the  wood  was  sometimes  burned  with  the  tower  dslmper  open,  some- 
times with  the  upper;  and  (hat  occasionally  the  ash  pit  doors  were  open 
vrhile  burning  wood,  though  closed  as  soon  as  the  charging  with  coal  com* 
menced. 

The  heating  with  wood  generally  terminated  at  about  230**,  or  18^  above 
tbe  boiling  point. 

The  wood  on  which  the  following  experiment  was  made  was  formed 
into  a  pile  8  feet  long  and  4  feet  high.  It  was  stated  by  the  engineer  of 
Ihe  navy  yard  to  be,  both  in  quality  and  length  of  billets,  a  fair  average  of 
that  generally  in  use  at  the  yard. 

In  order  to  ascertain  as  nearly  as  possible  the  true  cubical  contents  of 
the  pile,  "every  billet  was  measured  by  fixujg  a  scde'of  inches  in  an  up- 
right position,  and  placing  each  billet  against  it  with  its  lower  extremity 
Testing  on  the  floor,  and  the  shoulder  of  its  upper  axe-kerf  brought  against 
the  scale.  The  portion  which  thus  projected  above  tlie  shoulder  at  inw.  e*id 
^was considered  a  just  equivaleiit  of  what  was  taken  away  from  the  full  size 
of  the  piece  at  the  lower  extremity. 

lu  this  manner  the  average  length  of  the  201  pieces  of  which  the  pile- 
^was  composed,  was  found  tobe  42.134  inches,  and  the  pile  to  contain  \VZ  :i5 
cubic  feet.    It  weighed  2,360. 5  pounds.     Had  it  been  composed  of  pieces  4 
feet  long,  and  constituted  a  true  "cord  of  wood,"  its  weight  would  have 
teen  2,689.2  pounds. 

The  charges  were  made  to  exceed  as  little  as  possible  100  pounds  each. 
7he  temperature  was,  as  usual,  raised  by  burning  a  weighed  quantity  of 
-wood ;  and,  when  it  had  reached  its  usual  point,  the  nnburnt  portion  wiia 
-vrithdrawn,  and  a  charge  from  the  pile  was  substituted. 
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TABLE  CLXXXVir.— 

Upper  damper  10  inches  open;  air  plaUa  closed; 
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BHY  PINE  WOOB. 
fleam  thrown  into  chSmrtti^,  aiktrtttatl  fiAitatein  nctton. 


ll 

M 

|l 

\ 

u 

•3^9 

1  ' 

RBMARKa-Gnt*  waA^  14.07  «|ii>r<i  feat;  leng4  bT 

pi 

III 

ti 

drcoil offaNtod KMM  131  feet,  iMi^  ofehkUMrW 

H.3 

S3 

luw  Domml  Isnl. 

fil.6 

61Jk 

+29 

Wiltf  M  313°,  Mood  0.8  inch  Mffir  nomil  Ind. 

KM 

JS-S 

67.6 

- 

30  Ita.  of  MlcT  added  to  tbi  btdler,  «bich  broOgtil  it  to 

S.46 

M,A 

63 

33 

8.060 

ni«  MevD.  38Si  lb*. 

>.1« 

BS.e 

71 

38 

l.TSS 

•  31 

63.0 

n 

66 

S,G49 

Steam  >&nnd  to  eope  fnnafi«i>t  nKeetSA.  3«>n.  ..■., 

10.00 

U.6 

107 

67 

a.8U 

tempvietatieiw!h>eit8*.40in.k.  m.|  eteamallow- 

10.84 

63.0 

188 

63 

1.7ST 

ed  to  oaq.  fiom  b«)k  TdnatSft.  4Sfli.  ..  m.t  dnr, 
wiadW.,  bnk. 

10.  H 

48.8 

136 

68 

3.643 

iLte 

61.0 

tM 

77 

~ 

->  49.6  ndnotM  100  mUo  IdAw,  wfakk  gne  Wrier  I.O* 
f  S»m,   onfam^  edd  4.B0  mdtM,    M7SM  I».6  obto 

1L« 

49.5 

169 

79 

3.696 

ping  the  dcuiiig,  flikd  Oak  It  1  lA.  4601.  >.  m. ,  donbfe 

o.»a 

44.1 

172 

76 

1.786 

fi.fi8 

45  7 

176 

H 

1.844 

wrf^irledbMi  *)^  etO*.  1S>B.  p.  D. 

MB 

43  8 

189 

80 

8.1M 

PluedtlBa.  IS  w.  of  thk  wood  (cntiiM email  pkoM) 

I.« 

4S.7 

IBS 

86 

t.eso 

s.ie 

42.3 

too 

96 

1.SS3 

)6n(.  p.  n.)  draw  in  46  Hlmilea  100  cnblo  inchow 

8.00 

46.0 

813 

94 

3.SS7 

whkli  g.*.  w««  3-at  gniMk  ewtaDie  •cU4.7*p.ii^ 
oi;gni  10  oMUeudui. 

S.M 

46.0 

tl8 

07 

1.308 

Steam  allowed  to  am^e  ftom  iMcknba  at  tk.  4Bm.  p.  n. 

&M 

49.0 

ass 

106 

3.184 

4.S* 

ruMt«k. 

«.U 

44.1 

HO 

106 

3.311 

B.II 

44.1 

ISO 

103 

3.1W 

&.4S 

45.8 

(67 

104 

8.994 

>46.0 

S43.S 

tn 

116 

1.360 

*'t» 

S83 

106 

8.080 

naw  adM  tothe'i«t,  a>d  bvMl 

....... 

43.8 

in" 

at 

....... 

DHBp<>i<>awMdto4hHlwa. 

84.0 

tas 

« 

- 

37.7 

Ui 

—  1 

- 

- 

38.4 

I6T 

—n 

- 

7.3W 
1.7K 


[  38«  } 


050 


TABLE  CLXXXVIIL— DEDUCTIONS  FROM  TABLE  CLXXXVIL 

B9periment$  an  dry  pine  woed. 


1 

3 

8 

4 

b 

6 

1, 

8 

9 
10 
11 
19 
13 
14 
\& 
14 

17 

18 

18 

SO 

81 

33 

33 

34 

3& 

36  j 

37 

38 

38 

80 

31 

83 

83 

84 

85 

ai 

87 
88 
89 
40 
41 
43 
43 
44 
45 


Totel  duration  of  tkeexpteimeat,  in  hottn  .  •  •  . 

Duntionof  fteady  actioiif  inhonni  .  .  .  .  . 

Areaofgrate^  in  square  feet         -  -  -  -  -         '  - 

Area  of  heated  sorfeoe  of  boiler,  in  aqoare  fiwt 

Area  of  boiler  exposed  to  direct  radiation,  in  sqaare  feet    -  -  - 

Number  of  chargee  of  wood  auppUed  to  grate        .  .  •  . 

Total  weight  of  wood  aappBed  to  grale,  in  poaada  •  •  . 

Pounds  of  wood  actaaliy  consmned  .  «  .  .  . 

Pounds  of  wood  witfidrawn  and  aeparated  after  trial  •  .  . 

Mean  weight,  in  pounds,  of  one  cnbic  feot  of  wood  .  »  . 

Pounds  of  wood  supplied  per  hoar,  during  atsndj  acitiMi    .  .  . 

Pounds  of  wood  per  square  foot  of  grate  snrfece,  per  hour 

Total  waste  from  100  pounds  of  wood      .  »  •  -  - 

Total  pounds  of  water  supplied  to  the  boiler  .  •  .  • 

Mean  temperatoM  of  water,  in  degrees  Fahranheit  .  •  . 

Pounds  of  water  supplied  at  the  end  of  ezperiment,  to  restore  level 

Ped«ction  for  temperatoro  of  water  supplied  at  end  of  expeshnoDt,  in  peunds 

Pounds  of  water  evaporated  per  hour,  during  steady  action 

Cubic  feet  of  water  per  hour,  during  steady  action  .  .  - 

Founds  of  water  per  square  felot  of  hMted  suc&oe  per  hour,  by  one  oalculatien 

Pounds  of  water  per  square  feet,  by  a  mean  of  seiteral  observations 

Water  evqwrated  by  one  of  wood,  from  initial  temperature  (a)  final  result  - 

Water  evaporated  by  one  of  wood,  from.initial  temp,  (b)  firing  steady  action 

Pounds  of  fuel  evaporating  one  cubic  foot  of  water 

Mean  temperature  of  air  eateriag  below  ash  pit,  during  steady  pressure 

Mean  temperatwe  of  w«t  bulb  thermometer,  during  stouly  pressure 

Mean  temperature  of  air,  on  arriving  at  the  grate  - 

Mean  temperature  of  gases,  when  arriving  at  the 

Mean  temperature  of  steam  in  the  boiler    -  -  7  *    ,        * 

Meaa  temperature  of  attached  themomeCer  -  •  -  - 

Mean  height  of  barometer,  in  inches 

Mean  number  of  Yolumes  of  air  in  manometer    .  - 

Mean  height  of  mercury  in  manometer     •  -  ^  -  • 

Mean  height  of  water  in  syphon  draught  gauge,  in  inchea 

Mean  temperature  of  dew  point,  by  ci^lation      .  .  -  - 

Mean  gain  of  tenperatQPa  by  the  air,  befere  readiing  grate 

Mean  difference  butwmsA  a'aamand  escaping  gases  .  .  • 

Water  to  one  of  wood,  corrected  for  temperature  of  water  in. cistem 

Water  to  one  of  wood,  from  313^,  oovreated  for  temperature  «f  water  in  dstera 

Pounds  of  water,  from  313^,  to  one  cubic  foot  of  wood     .  .  - 

Watery  from  8U*,  to  one  pound  of  combustible  matter  of  the  fuel 

Mean  pressure,  \A  atmoapheres,  above  a  vacuum    .  -  •  • 

Mean  preMursi  m  pounds  per  sqnara  inch,  above  atittoephere 

Oondition  of  Uie  air  plates  at  the  furnace  bridge     -  -  .  . 

Inches  opening  of  damper  -  -,  - 


iVboem6cr  18. 
35.617 
9.588 
14.07 
877.5 
18.76 
33.0 
3360.5 
3860.5 
•0.0 
31.809 
338^86 
15.87 
0.8074 
0581.0 
53«3 

K.O 
.0 
866.48 
13.86 
3.8961 
3.3938 
4.0688 
8.8534 
15.8987 
670.76 
56<>.63 
^490.71 
815M9 
333^.84 
63«.9 
30.088 
4.973 
0.5607 
0.8376 
47^.87 
1810.95 
83«.76 
4.0588 
4.6933 
98578 
4.7066 
1.4677 
6.7593 
Clooed. 
Upper    10 


-  *'The  charcoal  left  on  the  grate  did  not  aAount  to  one  quarter  of  a  pound. 
<"  t  The  experiment  was  condadod  before  leaving  the  apparatus  for  the  night;  henoe  no  deduction 
il  hers  necessary. 
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TABLE  CXC.—Preportion  cf  the  eeveral  wa$te  maUrimU  from  ihm 

poiUUm  and  den$Ujf 


NaniMofootli. 


Besrer  Metdow,  slope  No.  3 

Beftver  Metdow,  dopo  No.  5 

Forest  Improvement  - 

Peach  Moantain 

Lehigh         .  .  . 

Lackawanna 

Lyken*s  Valley 

Beaver  Meadow,  (navy  yard) 

Ifixture,  I -A  Midlothian  and 
4-.5  Beaver  Meadow 

Mixture,  1-5  Cumberland  and 
4-6  Beaver  Meadow 

Natural  coke 

Coke  of  Midlothian  coal 

CokeofNeflfsooal   - 

New  York  and  Maryland  Min- 
ing Company 

NeTs  .  .  . 

Easby's  1st  sample    - 

Atkinson  &  Templeman's     - 

Easby  dt  Smith's 

Cumberland,  (navy  yard) 

Dauphui  and  Susquehanna    - 

Blos^urg     -  .  . 

Lycoming  Creek 

Qnio'*  Bun  •  -  . 

Karthaus      .  .  . 

CSambria  County 
Barr's  Deep  Run 
Crouch  4c  Snead's     - 
Midlothian,  (900  ieet  shaft)  - 
Creek  Company's  coal 
Clover  Hill  -  .  . 

Chesterfield  Muiing  Company 
Midlothiun,  (average) 
Tippecanoe  - 
Midlothian,  (new  shaft) 
Midlothian,  (screened) 
Midlothian,  (navy  yard»  ave* 

rage.) 
Pictou,  (New  Yprl^) 
Sidney,  (Cunard) 
Pictou,  (Cunard) 
Liverpool      -  -  - 

Newcastle     - 

Scotch  -  ..  - 

Pittsburg      -  -  - 

Cannelcon,  (Indiann) 
Pine  wood    -  -  - 


4 

4 
4 
6 
4 
4 
3 
2 

% 

2 

4 
1 
I 

2 

4 
1 
2 
5 
1 
3 
4 
3i 

2 
4 
4 
5 
4 
3 
4 
4 
4 
5 
6 
3 
5 
2 


2 
4 
4 
4 

1 

2) 


3944.60 

4260.60 

3810.00 

7871.876 

3838.26 

4112.61 

2471.00 

1897.34 

2060.00 

2074.00 

4209.00 

1037.00 

994.26 

2127.76 
4818.38 
1168.00 
2318.26 
4474.60 
786.60 
2557.00 
4296.00 
3073.25 

1883  25 
3643.84 
3488.60 
6072.76 
3884.76 
3417.60 
3769.63 
3776.10 
3876.00 
4606.39 
4901.76 
2918.50 
41.3200 
1463.60 


4  4153.87 
2  1601.12 
1962.50 
3786  00 
4023.  (K) 
3800.00 
208  :)8 
246.'i.5) 
]{  2J60.50 


▲saaa. 


10.9460 
6. 1491 
6.1690 
3.9392 
6.1446 
7.6886 
7.8424 
6.7041 

8.9719 

5.0896 

18. 1476 

6.0810 

9.7863 

7.2826 

6.4303 

7.0686 

6.8371 

6.6409 

12.2380 

12.8612 

7.8078 

13.6580 

7.6733 
4.2351 
6.2761 
6.3255 
8.9694 
4.2356 
4.2255 
6.7421 
4.8800 
6.0061 
6.6894 
6.0446 
6.9462 
16.6800 

7.2455 
3.7647 
5.8698 
3.1783 
2.5353 
4.4670 
7.3124 
3.48»6 
a0740 


62.89 
61.40 
44.08 
68.09 
46.56 
60.96 
62.06 


66.98 


87.79 
37.20 
32.08 
83.92 
3a57 

44.62 
44.60 
87.79 

37.09 
47.94 
43.19 
44.86 
40.92 
53.51 
56.00 
53.81 
47.29 
53.80 
57.44 
56.66 
63.40 


38.56 
52.42 
39.01 
53.70 
51.11 
47.94 
37.18 
55.79 
29.14 


44.890 
27.680 
40.660 
22.018 
26.910 
84.565 
86.800 


47.220 


13.270 
10.060 
12.870 
11.850 
8.418 

37.760 

8.360 

20.950 

7.677 
12.600 

6.244 
12.100 

7  208 

9.687 

9.840 

14.930 

18.744 

10  090 

8.480 

16.180 

13.172 


5.007 
13  624 

4  077 
16.930 
14.684 
13.923 
21.123 

5.583 


1.0126 
0.6969 
0.8111 
3.0297 
1.0790 
1.2411 
4.4026 
1.3996 

4.9132 

3.0871 

5.8184 

10.6140 

3.5504 

6.4259 
4.6257 
1.3260 
2.1261 
3.0466 
2.2886 
3.6018 
8.8961 
3.2620 

1.3122 
8.6588 
3.4764 
4.7481 
5.3711 
6.4664 
4.4151 
3.8588 
4.1887 
8.8209 
4.0339 
4.2137 
3.3290 
4.4242 

6.1257 
2.2453 
6.1927 
1.8642 
3.1442 
5.6315 
0.9406 
1.6358 


•'I 

III 


34.07 
86.00 
80.75 
45.12 
85.85 
86488 
32.76 


38.26 


41.76 
32.12 
29.00 
31.62 
36.62 

32.26 
30.87 
34.37 

29.70 
32.75 
33.62 
33.60 
29.87 
43.37 
39.50 
44.62 
37.62 
37.60 
43.37 
30.12 
39.37 


4ai2 
40.12 
38.00 
40.12 
38.25 
39.87 

28.28 


I. 

1.728 

1.466 

0.000 

8.890 

0.000 

1.600 


0.680 


0.000 
0.896 
1.143 
0.486 
2.300 

1.601 
0.436 
0.980 

9.612 
2.130 
0.000 
0.878 
0.960 
0.000 
0.000 
0.000 
0.000 
0.968 
3.915 
0.000 
0.000 


0.000 
5.371 
0.000 
0.000 
O.QOO 
8  670 
13.240 
0.000 
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yWife,  con^mred  with  the  vteight  nfMl  burned,  thawing  aUo  the  com- 
tfftmth  material. 


•^ 


a87 

7.60 
8.00 
6.00 
6.00 
&00 
1.76 


11.60 
1.00 
1.60 

8.60 
14.61 

6^S6 
11.60 
16.76 

6.76 
14.00 
11.60 

6.76 

4.00 
SI. 60 
84.76 
14.  IS 
S0.76 
48.00 
86.26 
88  00 
48.60 
14.00 
84.87 


lO.JSO 

6.25 

8  75 

18.25 

16.55 

84.37 

1.76 

14.64 

1.76 


81.80 
86.07 
17,64 
82.40 
19.61 
14.60 
31.66 


88.67 


13.16 
13-64 
16.69 
16.77 

84.28 

12.4& 
18.66 
16.89 

10.06 

15.64 

7.83 

12.88 

35.51 

5.74 

14.  .33 

9.30 

22.70 

19  06 

6.54 

6.46 

4.91 


5.;3 
8.96 

asi 

3.92 
3. 70 
8.65 
10.57 
3S9 
8.67 


I 


I 


8 


67.78 
67.62 
63.68 
51.75 
53.11 
65.38 
87.60 


46.66 


47.37 
83  16 
62.60 
55.21 
51.41 

61.83 
64.17 
54.44 

48.65 

44.14 
45.29 
66.49 
43.37 
65.73 
66.33 
71.83 
63.34 
35.86 
43.25 
85.72 


34  58 
30.91 
39.85 
28  3  ( 
20.96 
45  83 
62  85 
81.26 
46.11 


COKB. 


113.370 
61.250 
40.188 
36.646 
36.135 
67.190 
18.000 

107.080 

60.875 

68.2.'H) 

43.687 

9.500 

16.000 

10.126 

0^156 

18.250 

5.125 

6.350 

13.500 

23.670 

18.760 

46.250 

14.750 

52.531 

14.810 

6.40a 

6.000 

6.917 

10  530 

11.512 

10.469 

6.442 

11.250 

17.083 

14.800 

43.260 

5.689 
5.937 
3.750 
11.062 
10  690 
5.750 
9  876 
6  375 


REMARKS.— In  tlib  tdUe,  ai  «i«l  m  in  the  Mvml  ly. 
noptical  teUet  bdonsing  to  tbe  mpflvtiTe  diMMcf 
ootl,  thepcr  Miita«e  of  Mhn  belndes  Umm  fiwn  U- 
liind  the  bridfo.    • 


1.872 
1.707 
1.806 
2.257 
1.700 
2.647 
0.962 
0.870 

1.687 

2  742 
2.786 
1.178 
1.786 

1.078 
1.966 
0.907 
1.542 
2.219 

1.108 
K157 
1.118 

1.234 
2  502 
3.369 
2.861 
1.969 
0.999 
2.584 
3.369 
1.656 
2.870 
3.828 
1.922 
3.999 


1.366 
1.32.'> 

1.069 
3  0(19 
2.521 
2.827 
0.311 
1.004 
0.8(i6 


The  soot  and  dnst  of  thte  aj[itlinclte»  digested  and  tnolti 
for  anlphiirlc  acid,  jidded  3.046  per  cent  of  that  Ma- 
teriaL 

The  toot  and  dust  of  Ats  anthraiiite  contained  11.8  per 
cent  of  matter  Tolatile  at  rod  boat,  and  33.9  per 
of  fixed  carbon. 


The  dnat  firom  floea  oontabed 4.96  per  ooit  of  ita  Wid^ 
in  anlphoiii  add. 


The  aoot  oontained  9.17  of  toWk  matter,  and  89.48 
per  cent  of  fixed  carbon. 


The  aoot  containa  1 1 .87  of  vohiUlo  matter,  and88.if 

per  cent  of  fixed  carbon. 
Soot  containa  16.03  of  irolatilo  autlar,  ind  86.88  per 

cent  of  fixed  carbon. 


YolatUo  matter  b  aoot  1^904,  carbon  60.84  per  6ait 

YolatilB  matter  in  aoot  13.881,  carbon  50.449  per  oant 
Two  preHminarj  triab  only,  to  teit  the  trorkinff  of  ap* 

parafus,  were  male  with  this  coal. 
,  Volaaio  natter  in  aaot  10.608,  caibon  40.686  per  oeMt 
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TABLE  CXClh— Effect  qf  eptn  air  plaieon  the  rate  of  evaporation  in 

the  boi/er  when  using  different  kinds  of  coal. 


MaiMiofoMls. 


Dvftver  Meadow,  slope  No.  % 
Bra^vr  Meadow,  slope  No.  6 
Fiirertt  Improforoent 
Pe»(-h  Mountain    •  -  - 

Lehigh      .  -  -  - 

Lrken's  Vallesr     - 

FNturalcoke         •  .  . 

New  York  and  Maryland  Mining 
Companj  -  -  - 

Neff*  •       -  -  «  - 

Atkineon  <&  Teitpleman's  - 
Easby  «S&  Smith's  ... 
Daa|rfiin  and  Susquehanna 
Bkwpburg  .  .  . 

Ljoomlng  Creek  • 
Quin's  Run  .  -  . 

Kurthaos  .  -  -  - 

Barr's  Deep  Run  •  •  - 

MidloUiiun,  (900  feet  abaft) 
Creek  Coal  Company 
Clover  Hi:i 

Che^erfiekl  Mining  Companj 
Miiilothian,  (average) 
Tippecftnoe 

Mklloth'an,  (new  shaft)    - 
Midlothian,  (screened) 
rictou,  (New  York) 
Hidney,  (Canard) 
Pictou.  (Cunard)  .  -  - 

Liverpool  -  .  -  - 

Newrai^lle  .  -  - 

Brotch      -  -  .  - 

Cannelton,  (Indiana) 


t 

8 
ft 
ft 

1 

ft 

1 
1 
1 
3 
I 
•ft 
1 
1 
I 
3 
I 

ft 
1 
I 

ft 
1 
ft 
ft 
1 
1 
1 
1 
ft 
1 


o 


% 


■3  . 

JS  a. 
6 


10^6 
lOdbS 

8 

8 

8 

8 
lOdbG 

8 
8 
8 
8 
8 

10  A  b 

10 

8 

12 

8 

8 

5  A  10 

Ift 

5 

13 

1ft 

8 

12«&6 

8&;4 

8 

8 

8 

8 

8 

8 


!ft.7D3 
12.241 
15.0871 

16  06U 
11.155 
18.750 
lft.510 

13.100 
16.958 
16.057 
14.973 
14.824 
17.276 
12.700 
1 3.749 
11.857 
13  841 
13.699 
12.822 

9.300 
11.610 
12.060 

8.558 
15.120 

9.118 
lft.746 
14.790 

17  960 
16616 
16.010 
15.053 
14.545 


2 

2 
1 
I 
I 
1 
ft 

1 
1 
1 
1 
I 
•2 
1 
I 
3 
1 
2 

I 
1 
1 
2 
1 
3 
2 
1 
1 

•2 
2 
1 

.1 


1 
I 


8 

•9 

a 


9   0   0 


« 


u 
O 


IW 


0G.*3 


.§ 


.8 


10dc5 
10dc5 

8 

8 

8 

8 
I0dc5 

8 

8 

8 

8 

8 

10dc4 
10 

8 
12 

8 

8 

10  dc 

12 

5 
12 

8 

8 

6  delft 
8^4 

8 

8 

8 

8 

8 

8 


o  o 


II 


12^0314.0.662 
8.6U0 


083—32. 


12.200—2.887 
13.029—3.021 
8.896—2.259 
13.03<:— 0.616 
12.6 13'-|.0. 103 


4-  6.4 IS 
145 

-19.138 
— 18.8ftft 

— fto.ftsa 

—  4.480 
4-  1.215 


12.490—0.610 
18  021—3.937 
16  340—0.717 


1 5.270 
13.600 
14.070 


-1-0.297 
—1.224 
—3.205 


—  4.656 

—  6.918 

—  4.465 

h  1.964 

—  8.257 
—18.553 


13.660U.0.960|+  7.559 
14.050U.0.301 


4-  2.189 
12.689*-|.0  8324-  7.02ft 
12.791!— 1.049—  7.584 
i4.82il4-O.922 4-  6.634 
16  946-1-4.1264^2  179 

6.684^-2.416—25.979 
n.390'— 0.220|—  1.895 

8.779'— 3.28 1 1— 21.610 

9.629'4-0.971 -1-11.345 
14.180—0.940—  6.217 

9.100'— 0.018—  0.190 
12^83')|4.0.088-h  0.694 
12  930—1.870—12.644 
14  987—2.973—16.564 
14.874'— 0.74  V—  4.74S 
14.160— 1.850— 11.556 
14.769|— 0.284—  1.887 
15.55r4«1.006-H'6.9I6 


*  The  two  experiments  with  closed  air  platca  wo^  made  hefore^thoee  vjn^h  them  open, 
f  The  two  experiments  with  open  air  plates  were  made  before  the  other  two,  and  while  the  out- 
side of  the  boiler  was  more  nearlj  free  from  soot  than  when  using  the  closed  plate. 

From  the  laict  column  of  Iha  above  table,  it  appears  that  the  average  diminution  of  activity  or  loss 
of  useful  efle:t  in  a  given  time  bj  the  boiler,  was,  for  anthracites,  14.9  per  cent;  for  9  free-burning 
coals,  2.68;  for  *'<  Virgiyia  coal%  1.48;  and  fpr  6  foreign  and  1  western,  5.37  per  cent;  making 
the  averaae,  for  31  kinds  of  coal,  5.37  per  cent.  A  considerable  positive  gain,  both  in  economy  o€ 
fuel  and  in  the  time  of  the  boiler,  was  effjctod,  as  a^tpears  from  the  above  and  the  preceding  tables 
bj  using  the  air  phto  open  in  the  paititular  cases  of  the  Karthaus,  Creek  Company's,  Tippeeanofliy 
and  Cannelton  coals. 
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TABLE  CXCIII. 

Obtervatioiu  on  the  time  required  iy  /he  prodvett  ofeombuufhn  to  pats 
Jrotn  the  grate  to  the  chimney  top,  being  a  distance  of  l03.5/eei  by  the 
iowtr,  and  108  by  the  tipper  damper  passage,  before  the  chimney  tea* 
raised;  and  185.5  by  the  lower,  and  190  by  the  upper  passage,  after 
that  addition. 
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I  nued  32  Icct  0}  inch,  end  Mmtinuei]  of 
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9 


8 


18 
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14 
15 
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87 
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21 
33 
35 
36 
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28 

39 

6 
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31 
1 
2 
16 
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6 
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Remarks  on  the  preceding  table. 

The  last  ix>luixiu  shows  that  the  lowest  result  from  any  given  coal  ivas 
generally  obtained  whpn  the  combustion  was  conducted  with  a  damper 

tartly  closed*  The  watit  of  a  free  success  of  air^  the  stifling  efiect  of  retpun* 
ig  the  products  of  cond)ustion  near  the  fire,  and  the  increased  quantity  of 
^moke  produced  in  sucb  cases,  are  sufficient  indications  of  the  soured  of  ithis 
inferioritjr. 

.  From thefolumns under  "ra/to  to iotalbulk o/dry gases^o/carbonic^eid 
0nd  oacygev^^^^  it  is  foufld  that  the  average  per  centage  of  those  two  np,te- 
i[ials,  and  tbeb  sum,  for  the  several  classes  of  coals,  was  as  follows,  viz; 

1.)  Of  the  antl^niciteclaas  by  ^  analyses,  theeori.  oaef  was  9.443;  oxygtn^  12.094;  9um^  21.537 

^2.)  Maryland -free-burning  10 
Js.)  Peimsylyanm     do.  9 

'4.)  yifginia  Initiiinmous  16 

J6.S  Foieign  bitummous  11 

6.)  Cannelton  bituminous       2 

^7.)  Pine  wooa  •  2 

In  severs^I  of  these  cases,  the, sum  of  the  oxygen  and  carbonic  acid  is  ai* 
most  identiea]  with  the  |)roportion  in  ^hich  oxygen  is  found  in  the  atcpos* 
phere.  Thn^^  Nos.  2,  3,  4,  and, 5,  give  a  mean  of  10.315  of  carbonic  s^cid, 
10.510  of  o;(ygen.  An  excess  may  probably  be  referred,  in  some  instaope^. 
to  the  existooce  of  carl^onic  acid  in  the  coal,  in  the  state  of  carbonates;  ana 
a  deficiency, io  the  production  of  much  water  of  combustion^  as  in  casefs  oT 
the  highly  bitjaminous  coals  and  of  pine  wood. 
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TABLE  CXCV, 
Evaporative  potoer  of  the  heat  e»p^4f4  ^"^  tAt  ifmadt^fit*  ^- Bombuation^ 


..mO. 


Names  of  coals. 


Bea^r.  Mfladoir  (slope  No.  9) 
Forest  Impcoremait    - 
Peach  Mountain 
Beaver  Meadow  (slope  No.  5) 
Lehigh      .     * 

liackawannia  •  •  • 

4NatQratc(nBe   *  «  « 

Coke  of  Midlothian  coal 

Kew  York  and  Maryland  Min< 

ing  Company 
KeTs  (Cumberland)  - 
Atkinson  &  Templeman's 
Sasby's  «  Coal-in-Stoie" 
iasby  dc  Smith's 
]>aQphin  and  Sns^hanns 
^lossbqrg       ... 

iycomi&g  Creek 

|uin*s  Run    -  .  * 


NimfiLfllooaU. 


14.27 


14.16 


Bart's  Deep  Run 
Midlothian  (900  feetshaft)  .  > 
Creek  Company^s  coal 
Cbcstei^eld  Mining  Company 
Miiflddtlan  (new  shaft) 
Tippeeanoe  - 
Midlothian  (screened) 

Sidney  .  -  - 

Pictou 

.Liverpool 

Scotch  ... 

Cannelton  (Indian|) 


Pine  wood    - 


22.0(^ 
13.91 
19.9$. 
23»8V 

15.  oa 

18.28 
13.67 


20.05 
14.98 
17.70 
16.14 
18.23 


37.20 


V    • 


IS.  11 


17.41 


m  t  w»2 

The  preceding  lable  is  deriT^/^ovtfif:  pfiqibera  in  the  latter  colamns  of 
table  CXCIV,  and  gives  the  diSerencesltetween  the  average  totaJevapo- 
ra^Uye  powers  Xar  each  kind  of  coal  im\ad  hy  the  last  coluntn  of  lh4J(  ^t>lfi|h 
and  the  stearn-generiiting  ppwcc  displayed  by  th,e  boiler,  as  exhibited  in 
■the  column  immediately  preceding. 


Heetting  pawfr,  as  tested  in  making  chains^ 

.  tiTotbing  more  than  a  very  general  approximation  could  be  expected  from 
tj^ii  wA  slBiilaf  methods  a{  testing  the  relative  strength  of  coals. 

The  8$me  workffl^  weuht  not,  probably,  in  every  instance,  maJce  th« 
.«u»A  number  af  links  with  the  same  number  of  pounds  of  coal. 

A  given  coal,  tried  at  two  different  periods,  might,  with  a  little  taote  or 
a  little  less  care  and  'economy  of  time,  give  results  considerably ;di«ren^ 
froin  each  other; 

fhe  relation,  however,  between  the  steam^generatipg  and  the  c?^^!?^' 
malting  power  of  several  of  those  coals  between  which  considerable  diffisr? 
«nce3  in  constitution  are  known  to  exist,  will  be  abundantly  ^vjdent'fl'oitt 
inspection  of  the  table, 

T^us,  between  the  Scotch  and  the  Liverpool,  and. between  tTi's'laltet 
aud  'the  New  York  and  Maryland  Mining'Company's,  this  relationli^ine^ 
apparent.  '  '  •    ■    ■  ■ 

It'wiit  be  seen  that  three  difierent  sizes  of  dn 
iqantifacture  at  the  differentpertodsat  which  these  i 
Ttiey  can,  however,'be  all  reduced  to  thesame  si» 
a«(mimon  standard  sample  ofcoal,  which  was  UAi 
Thus,  Atkinson  &  Templeinan's  coal  ^nade  19  lii 
in  diameter,  and  S  links  of  another  chain  1-U  inch 
in  each  case  of  SO  pounds  of  coal.  Midlothian 
foiittd  adeqliate  to  the  making  of  14  links  of  If-inc 
giiliift  coals' (viz:  Crouch  lb  Shead's,  Creek  Com] 
Mining  Company's)  having  a  mean  evaporating 
with  the  Midlothian  "  new  shaft,"  put  in  9  liuks  ol 

Admitting  their  heating  power  when  ttied  on  diain  to  be  the  same  aa 
that.oftlKi^newflhaft;"  then,  in  makmg  chain  1  ff  inch  in  diameter^  they 
would  have  been  caftable  of  making  each  M  links  of  that  size, 

A  decided  general  confirmation  of  the  lelative  healing  power  of  the 
«oal8,  as  dedneed  from  eraporstion,  is  afforded  by  the  oomparistmi  ia  the 
jMoond  and  fifth  columns  ofthe  following  taUe.    Thus — 

'fiiK  f>mp|^ '"'       5     Midkuhun.   (now  shaft,)  OhasWr-C  gav«    8.769  li^W 

Pmt  tuofim,  Tu:      I     Mid  MWWtfcn,  C9M  *«*»*•)     i^  ■  ^               ^     ■ 
CUtlPt,    Attuunn    &    Tnap^Ru'i,^, 

'    /"Mr  «ui)pk%  "B:      <     But'o,  utd  New  York  *ni]  Mar>-S.  g^e  9. 971               19.0V. 

t     Iwi'  Mining  Coir^iBny,                     )  ' 

Fpx  tfi^sons  ifbove  stated)  apd  from  the  siptillness  ofthe  qua^^t^  oiff^ 
asedft^ejqdiv^uaL  samples  co^id  hardly  be  expected  to  preheat  feffWW 
less  important  discrepancies  than  are  to  be  found  in  th«  table. 


t.  >8$  3. 
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TABLE  CXCVf. 

M^^Hvt  heating  powers  of  differerit  bUvmittous  coab,  as  iMed  in  m^Jt^ 
ing  cAain  cable,  compared  with  their  evaporative  powers. 


Dengontion  of  ooiilf. 


r 


%    St*, 


Scotch    -     .      . 

Pictou  (New  York)         ,  .  - 

liyjarpoo); ,  (       -  -  -    .      - 

MidlothinQ  {pit-^  shaft)  -  -       .    - 

Nowca3tle  -       .     .  • 

Atkinson  k  Templeman  ... 
New  :York  f^nd  Ms^ryiand  Mioing  Cpmp'y 
proijcb  &  Snead  -  - 

Creek  Company  -  ,  . 

Cbost^rfi^  Mining  Compa^iy  - 
Dauphin  a^d  Sujsquebaoua  ;  - 
j&lo^burg,  -.        ..- ,         •        ;•- 

(Ruin's  flun         -.  •  .       /  • 

(iBipnol  ton. (Indiana)        ♦ 
Fork^  pr  Jennings's  Run  TMary land)    .  ; 
Midlothian  (900  feet  shaft)         -  - 

Jl^f'^  ^^mbe^land  - .  .  *  -  :  r 
Atkioson  &  Tenipleman  r  -^    . 

Barr^s  Deep  .Rijui  r  .        -     . 


6.946 
8.412 
7.84a 
a750 
8.65^ 

10  699 
1 10.359 
8.345 
8.416 
8.598 
9.340 
9.724 

10.270 
7.340 

8.584 

9  442 

10.699 

9.018 


II 

li 
U 


10 
11 

13 
14 
15 


^Ai^mmm^^i^ 


11 

18 

If 

,30 

11 

d 

11 

9 

It 

9. 

u 

9     . 

H 

10 

11 

11 

Hi 

5 

Hf 

8 

j-f 

8 

Hi 

8 

Hi 

8 

HI 

9 

10 
IL 
13- 
14 
15 
18 
90 
14 
14 

14 
14 

15| 

11 
18 
18 
IS 
19 
20 


On,  ik$>rfkUi^e  reductive  powers  ^  4ifferftfU  cla^s^s  qftoais,  as  dem^n- 
^  ^  .  strattd  %  the  ejfferiment^  with  0xide  pf  lead. 


' ,  <  t ' 


t .  Th$  stiieral  result  x)f  experhBenfs  on  37  varieties  of  coa^  te(9ted  after  Ih^ 
manner  of  M.  Berthic^r,  may  be  exhibited  by  collecting  into  ooe  view  tbv 
four  average  results  derived  from  the  several  .classes  of  coals.  The  mean 
ratio  of  fixed  \6  volatile  combustible, matter  of  e^cb  class  is  added,  afford- 
ing the  means  of  judging  approximately  how  far  the  volatile  constMetit 
affects  the  reductive  power.  The  weight t>fo*y^eti  giv^n  up  by  the  lead^ 
rednded  by  1  part  of  combustible  matter  in  tb^.coal  assayed, is  calculated 
froni^  the  known  composition  qC  litharge.  Bad  the  combijstible  matter 
been  pure  carbon,'and  the  produet  only  carbonic  actd,  the  oxygen  would 
have  been  2.66  parts  to  l^of  combtistibte.  This,  it  will  \^  seen,  is  only  op- 
proach^d  by  th^  anthracipes,  and  is  farther  i^nd  fatther  reipeded  flrom  by  the 
bituminous  coals,  in  proportion  as  iheir  bituminousness  increases.  To  the 
s^rfe&bfaverag^s  of  my  owtt  experiments,  l^antirix  a  similar  series,  of  the 
'results  given  l>y  M.  Biudin,  some  of  which'  hai^6  alreidy  been  s^mlely 
cited.  ''  •     *  ■       '    !■  '  .       L    ^  ■  ^     -.'■     ' 
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TABLfe  OXdVtr. 
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Average  reductive  powers  pf  American  and  foreign  coahj  as  tested  hjf 

litharge. 


and  iMttme  of  the  ooab  afwyed. 


!•   C«4U  AMilTKO  DURIHtt  T^XSK  UtflUKCBSt. 


d '[  7  Pennsylvania  anthracites  and  1  sample  ofnatti* 

■ttledkeofVirgbiia  -  .... 

II     Maiyland  and  Pepasylvaniiii ^«e  burning coafti    - 

10     Virginia  Htiuninous  coah  ... 

8  I  Foveignr  and  wfstam  hi^y  iHtupinoua  coala     - 


8 
8 
8 
3 


8.    F«IirCH  QOALS  ASgATKB  BT  M.  BAVBIir. 


Ff0D9h  anthracites,  viz ;  Cbaihonnier, 

aiylChambled  .  -  .  . 

t  'fteb-buming  coals  of  La  Combelle,  and  1  of  Le^ 

*  B^rtiies,  (Gam^ire  da  8  pieds) 

f^Moinoiis  ooals  ^of  |jangeac,  ChamplatXy  and 
Madie  .  -  -  -  - 

Highly  bituminous  coals  of  Ammenat,  N^risi  and 
Bert  • 


•  ' 


10687 

10,877 

9.523 

8.710 


*r 


88.817 
dU786 
28.194 
27.740 


33.520 
88.040 

29.830 
527.686 


88.891 
4^908 
2.054 
1.955 


8  449» 

8  1766 
8.1418 


6.566 
3.4tr 
t.*t55 
1.446 


2.587<^ 
8.4IY34 
8^2» 
8.tt98> 


Th^  French  anthraoitei  had  obviously  a  moch  larger  proportion  of  volatile 
matter  than  the  American.  They  correspond  in  this  respect  very  nearly 
with  the  natural  coke  of  Virginia,  of  which  the  ratio  of  fixed  to:  volatile 
cenbustible  is  6.269.  The  average  result  in  lead  obtained  by  M.  BauBia 
Ibff  the  four  classes  of  coals  is  about  2i.2  per  cent,  higher  ^han  that  givqn  by 
Qiljr  trials. of  analogous  classes.  This  I  attribute  to  a  probable  slight  ,a4* 
mixture  ^f  red  oxide  with  the  protoxide  of  lead  which  I  employed.  Thougjbi 
procufed  from,  a  house  of  high  <;alebi:ity  for  dealioi^.in  pure  chemicals,  it^ 
complMion  led  to  the  suspicion  of  a  slig b\  excess  of  oxygen  ia  its  cempp* 
sition.  As,  however,  the  same  kind  of  litharge  was  used  for  all  the  ^SiSjir 
^le8*ef«oal,  the  purpose*  of  these  comparatitre  trials  is  eqq^lly  well  afifswer* 
ed  as* if- it  had  been  chemically  pure.  ., 

favaeme  of  the  ultimate  analyses  of  coals*  already  repovted  may  be  (m\^ 
mitmiom,  thair  the  kiad^redtlcmg  power  de^uds  (as  tl^  foregolag  taUe 
ndtMlw^)  on  the' carbon  constittietjt,  and  i;iotdq;the  qther  elemiwty.  ,  Tl^tf 
the  diXi^Ym  of  Caa^bria  coumy  coal  of  Peims^vfanif^  p)roy€4  its  coq^bufiti* 
ble  matter  to  contain  91.955  per  cent,  of  carbotv^  and,  eaperinfi^.a^Yed 
its  lead-reducing  power  to  be  31.464.  Again,  ultimate  analysis  showed 
Clover  Hill  coal  of  Virginia  to  have  in  its  combustible  matter  83.39.3  per 
cent  of  carbon,  and  the  trial  by  litharge  proved  the  reductive  power  of 
the  same  combustible  matter  to  be  28.527.  Nc^w^  to  compute  the  re- 
ductive power  of  Clover  Hill  combustible  matter  fr^m  its  carbon,  we  have 
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Sidi^y, 

Pictou,  (bunard'a,) 

Lividrpoot, 

KeifcasUe, 

8eo^,  • 

Pittiburg; 

GttiiMlto*, 

Dry|pine|wood  - 


-  Va. 

-  Va. 

-  Va. 

-  Va. 

-  V<. 
-N.5. 
-N.8. 

-N.a 

-Eng. 
Scotland. 

-  Pa. 
.  Ind. 


.431 
.337 
.807 
.313 
.33» 
.414 
.443 
324 
.388 
.331 
.284 


-     Pa.  Ut4g7j,, 
.3«2^ 

.451 
.437 
319 
.285 
.289 
.294 
.346 
.325 
.283 
.390 
.318 
.338 
.325 
.262 
.267 
.519 
.252 
.273 


89.44 
83.S8 
81.69 
82.09 
83.26 
88.40 
90.19 
82.73 
86.74 
83.22 
80.22 

.87.91. 

86.41 

90.71 

87.60 

82.48 

80.36 

80.57 

80.90 

84.14 

82.82 

80.21 

86  86 

82.35' 

83.66 

82.83 

78.89 

78.54 

94.95 

7837 

79.54 


(^.546 
0.680 
0.581 
0.688 
0.567 
0.650 
0.55^ 

0.664 


54.29 

54:51 

53.70 

64.29 

68.47 

68.92 

51.16 

53.29 

50.54 

53.05 

55.38 

50.34 

52.54 

53.46 

53  171 

53.59 

60.62 

46.50 

45.49 

45.56 

54.04 

45.10 

47.90 

46.72 

54.47 

53.65 

47.44 

49.25 

4788 

60.82 

51.09 

46.81 

47.06 

21.01 


0.600 
0  652 
0:665 
0.645 
0:614 
0.608 
0.660 
0.641 
0.638 
0.605 
0.665 
0.608 
0  615 
0.591 
0577 
0.564 
0.666 
0.666 
0.568 
0.636 
0.581 
0.570 
0.627 
0.650 
0.567 
0.595 
0.607 
0.647 
0.538 
6.598 
0.609 


40.r8 

Z%M 
41.76 
41.64 
40.50 
45.82 
46.  r3 
40.65 
48.03 
68.60 
70.95 

41.26 

41.69 

4i.n 

41.26 
41.90 
42.83 
43.78 
42J04 
44.S2 
42.22 
40.45 
44.60 
42.63 
4}.90 
42.1 3*1 
41.80 
44.34 
48.17 
49.25 
49.18 
41.46 
49.67 
46.76 
48.99 
41.13 
41.831 
47.22 
45.48 
46.78 
44.08 
48.84 
47.86 
47.01 
106.62 


2.^ 
2.66 
3.07 
2.96 
5.28 
3.&1 
6.88 

12.44 


12.31 
12,07 
14.98 
16. 63 
15.52 
14,87 
13.82 
14.78 
13.84 
17  97 
19.68 

19.78 
24.38 
27.28 
32.47 
32.21 
32.63 
29.86 
34.54 
36.77 
34.70 
29.12 
^7.83 
23.81 
25.97 
39.96 
$6.83 
39.19 
36.76 
83.99 


88:94 
9!:47 
90.76 
89.02 
89.15 
87.74 
83.64 

76,«_ 


74.58 
76.26 

76.69 
74.29 
7086 
74.24 

79.  U 

71.53 
72.79 
78.77 
69.|7 
67.-96 
59.98 
61.08 
60.30 
56.83 
58.79 
53.01 

'54.62 
66.40 
64.06 
66.11 

'56.98 
67.67 

'60.74 
64.90 

,67.00 
48.81 

'64.98 

'68.44 


« 


6»t 


[«8e  3 


TABLE    CCI.— flan*»  fl/"  «»'»•  aeeati^iftg  to  t^ir  ameral  pr/u/Ufnf 
characters. 


i 

If. 
ifl 

i 

r 

!-i 

i 

1 

Sum*  r,t.a»U,»Tnngei  in 

1 

^ 

Nbdmh,  in  the  order  of  ai- 

li 

i 

the  order  of  thdratuTiTE 
wiieari. 

l\ 

I 
S 

i 

PIDITI  OF  10iriTI«. 

HJ 

P 

I 

r 

•a 

■3 

" 

1 

BeavCT  Me«dow,  dope  No.  5 

3&10 

1.000 

I^Canneltw,  (Indiana) 

0.50 

1.000 

■  » 

Lyecndng  Cmk    • 

M.-3T 

.985 

s;  Qoin'.Rnn'          /          - 

0.76 

.««T 

.3 

lihigh       - 

55.32 

.984 

0.83 

.CuS 

„4 

Bearer  Headow,  (navj  yard) 
Beaw  Meadow,  alopc  No.  3 

65.08 

.980 

0.84 

.69S 

8 

64.92 

.977 

5;  Bhwburf  - 

0.84 

.896 

0 

6^  Pitou,  (Canard'.) 

085 

.688 

and  4-6Ui»  Braver  MeaJow 

54.51 

.970 

7;  Liverpool   - 

oas 

.681 

7 

Midlotliian,  (navy  yacJ)      - 

64.40 

.969 

8;  Midlothian,  ••  new  ehaft"    - 

0  90 

.G5« 

8 

■Miiiuie.   1-Sih   Miillolhiaii 

9.  Pictou,  (New  YoA) 

0  94 

.hs% 

■nd4.Sll»BeavsrMt'aJow 

54.29 

.966 

lOlScotth        - 

0  98 

.GSI 

9 

.54.38 

.966:[lt;  Alhinran&TeniplsmRn'a  - 

0.99 

.605 

10 

Midlothian,  (.vemgc) 

34.05 

.9Bi  |lS^Croufh&Sne«.ra. 

1.10 

.441 

11 

PMehMounlab     . 

6382 

.96Sal3iChe<ilerficld    Mining   Com- 

12 

New  .York   and    Maryland 

f     1    pany'- 

1.17 

.in 

Mining  Compwiy'a 

53  70 

1  17 

.437 

13 

Tonn  ImproTemsnt 

53.  G6 

■956  lis.  Sidney       - 

1.18 

.434 

14 

Crouch  &.  Snead's  - 

h3,57 

.953  k  1 61  Hidlolhian,  (weened) 

1.29 

.303 

IS 

Pictou,  (New  York) 

53.  SS 

.963>{l7:New    Yo^    and     Muyland 

IC 

EMbj'i"Coat-iB-3lorc"     - 

S:l.4T 

.952  11     ;    Mining  Company'. 

1.33 

.I7« 

17 

Cambria  County     - 

63.46 

.951 

l8,Ti|.pecanoe             -    ,        - 

1.33 

■.3T6 

18 

53  89 

.948 

1.38 

.38* 

le 

B«rr'«  D«T  Run    - 

53.17 

.91G 

1  fia 

.»> 

30 

Blo«burg  - 

53  05 

.944 

^1   Barr'ii  Deep  Run    - 

1.63 

.31B 

3t 

AtkinaoD  &  Tcmpleauin't  - 

62,92 

.94! 

22  Ewb,  &  Smith'.    - 

163 

.»> 

» 

V.                        '^.            . 

62  54 

,9.16 

*■>  Greet  ConiiMnf'.  - 

1.67 

.2M 

S3 

% 

61.16 

.910 

U 

Neir.  Cumberland 

1.S8 

.388 

M 

a 

61,08 

.9^9 

25 

Lycoming  Crock     .. 

1.7S 

.2»t 

» 

N 

60.82 

.904 

26 

Natural  coke 

1.74 

.287 

SB 

D                                «banna 

50.54 

.900 

Ewbj'.  "  Coal  in-3torc"    - 

1.7* 

.288 

a? 

tl                                «  Bliaft) 

50  52 

.USB 

£8 

Kaithaua    - 

187 

.S8T 

sa 

?           ■     : 

60.38 

.SD6 

19 

Clover  Hill 

1.93 

.268 

S9 

49.35 

.876 

30 

Coke  of  Midlothian  coal      - 

3.00 

.3.W 

SO 

L 

48.88 

.870 

Cambria  ooun^  coal 

3.00 

.360 

31 

li 

48.SS 

,866 

»3 

33 

M                            liaft"    - 

47.90 

.853 

and  4-5lh«  B«»er  Meadow 

2.35 

.318 

33 

L 

47.88 

.852 

33 

Besvet  Mcalow,  alopc  No.  6 

2.43 

.307 

34 

C                            a)          . 

47.63 

.848 

34 

I.jkon's  Valley        - 

263 

■  IM 

3 

Sidney       - 

47.4t 

.814 

2.67 

.187 

36 

PilMbuig    - 

46.(11 

.833 

36 

Mixture.    I.6tb    Midlotluu. 

3) 

Natural  eoke 

4Sd3 

.830 

and  44lh.  B«rer  Modow 

3.21 

.IM 

36 

Creek  Company'*    - 

46  49 

.8*7 

37 

Lehigh       - 

3.37 

.168 

39 

If  idlotbian.  (Kreened)          - 

49.7) 

.814 

38 

338 

.168 

m 

Ch«<rUrfield   Mining    Coo- 

Pewli  Mountain     • 

3.63 

.!« 

pBnj'»     - 

46.66 

.811 

10 

Beeper  Meadow,  ilope  No.  3 

3.87 

..iw 

i 

Oorac  HiU 

46. 4S 

.809 

41 

BeaTBt  Meadow,  {na»yy«td) 

6.08 

.088 

43 

4S.in 

.803 

43 

Coke  of  Midlothian  coal      ■ 

3i.70 

.68S 

44 

CqJie  of  Ner.  CnmbertaiU 

31.67 

.66* 

U 

Ihy  i«nc  wood       - 

31.00 

.374 

593 

TABLE  CCI— CoDfiiloed. 


[388  3 


t 


I 


Namefly  in  the  order  ef  cox  • 

PLBTSKKM  or  COMBOSTIOir. 


o 


5 

0 


Si 

s 


I& 


o 
to 

-a 


o 

2^ 


1  Pictou,  (Ciinard'i) 

3  Atkinson  &.  Templeman*«  - 

3  Eaaby  &  Smith'e   - 

4  Pktoa,  (New  York) 

5  Scotch 

6  Midlothian,  (900  feet  shaft) 

7  Sidney       -  -  - 

8  Croaeh  <&  Snead's  • 

9  NeflTs  Cumberland 

10  Cannclton,  (la.)    - 

11  Ban's  Deep  Kun   - 

12  Midlothian,  (average) 

13  Mixture,    l-5th  Midlothian 

and  4-5th8  Beaver  Meadow 

14  Pittsburg  -  *  - 

15  New   York    and  Maryland 

Mining  Company's 

16  Chesterfield  Mining  Co. *8  • 

17  Creek  Company's  - 

18  Newcastle  -  -  • 

19  Liverpool  -       .     - 

20  'J'ippecanoe  * 

21  Clover  Hill 

22  Cumborland,  (navy  yard)  - 
33  Blosshurg  -  -  ,  - 
24  Quln'sRuu 

26  Mldlotluan,  (screened) 

26  Cambria  County   - 

27  Mixture,  1  5th  Cumberland 

and  4-  5ths  Beaver  Meadow 

28  Miilli^thian,  "  new  shaft"  - 

29  Lykcn's  Valley 

30  Easby's  «*  Coal-in-Storo"    - 

31  Dauphin  and  Sustjuehanna  - 

32  Peach  MouiU:iin     - 

33  Lehigh      -  -  - 

34  Forest  Improvement 

35  Midlothian,  (navy  yard)     - 

36  Coke  of  NefTs  Cumberland 

37  Lycoming  Creek    - 

38  Karthaus   .  -  • 

39  Coke  of  Midlothian  coal     • 

40  Laqkawanna 

41  Natural  coke 

42  Beaver  Meadow,  slope  No.  5 

43  Beaver  Meadow,  (navy  yard) 

44  Beaver  Meadow,  slope  No.  3 


3.7 

6.1 

6.3 

d.7 

6.7 

6.91 

6.9 

6.0 

6.1 

6.4 

6.4 

6.4 

9.5 
9.9 

10. 1 
10.5 
10.6 
10.7 
II. 1 
11.2 
11.6 
13.5 
i:i.7 
14.7 
14.8 
14.8 

160 
17.1 
18.0 
18.2 
23.7 
26.6 
36.1 
40.3 
43.2 
43.7 
46.2 
52.6 
53.2 
57.2 
60.9 
61.2 
107.1 
113.4 


1.000 
.7*26 
.698 
.64tt 
.649 
.627 
.6i7 
.617 
.607 
.578 
..')78 
.678 

..'^89 
.374 


c 


I 

2 
3 

4 


Names^  in  the  order  of  srir- 

ORATITB   roWBB    VKDBB 
X41UXI.  WXiaMTS. 


6 
6 
7 

8 

9] 

10 
11 
12 

vi 

14 
15 
16 


e« 


.366 

.3*)2 

.052 

.846 

.333 

.330 

.322 

.274  ii-:2 

.270  |!*2:) 

.2.i2 

.260 

.260 


.231 

.216 

.206 

.203 

.166 

.139 

.108 

.093 

.086 

.085 

.080 

.070 

.069 

.065 

.061 

!060 

.084 

.033 


17 
18 
19 
20 
21 


24 
i5 


Atkinson  &  Templeman's  - 

Quin's  Run 

Peach  Mountain    - 

Forest  Improvement 

Easby's  •  •  CJoal-in-Store"    - 

Easby  &  Smith's   - 

Beaver  Meadow,  slope  No.  5 

Lackawanna 

Now  York  and    Maryland 

Mining  Company's 
Bloasbur^  -  .  - 

Lyken's  Valley 
NeflTs  Cumberland 
Dauphin  and  Susquehanna 
Cambria  County    - 
Beaver  Meadow,  slope  No.  3 
Mixture,  t-5th  Cumberland 
and  4-5ths  Beaver  Meadow 
Karthaus   ... 
Beaver  Meadow,  (navy  yard) 
Barr's  Deep  Run    - 
ChestcrHrld  Mining  Co.'s  - 
Coke  of  NelTs  Cumberland 
Midlothian,  (screened) 
Lehigh      -  -  - 

Lycoming  Creek    - 
Mixture,    l-r)th   Midlothian 
and  4  5ths  Beaver  Meadow 
Midlothian,  **  new  shaft"   - 
i  Newcastle  - 
Coke  of  Midlothian  coal 
Midlothian,  (900  feet  4haft) 
Pictou,  (Cunard's) 
Natural  coke 

Creek  Company's  - 

Pictou,  (New  York) 

Ciouch  &  Snead's  '    - 

i35|  Mi41othian,  (average)         • 
361  Pit^urg   - 

Sidney 

Liveipool  - 

Tippeeanoe 

Clover  Hill 

Canneftoa,  (la.)    - 

Scotch      -  •  • 

Dfj  ^ne  wood 


126 

'■;^ 

'29 
1 30 
'31 
|i2 
133 
14 


37 
38 
39 
40 
41 
12 
4^ 


9.78 
9.72 
9.46 
9.44 
9.34 
9.34 
9.31 


1.000 
.960 
.945 
.940 
.936 
.931 
.933 
.915 


.858 
.850 
.849 
.843 
.841 
.840 
.836 
.835 
.833 


t 


.III 
.107 

.098 
.097 
.0!)3 
.068 
.067 


3S 


!   C  «8^  ] 


894 

TABLE  CCI-^C!o&liiiued. 


k 

29 
30 
31 
321 
33 
34 
35 


.3 

1 

fix 


Names  of  coali,  inth«<iider 

of  IT-CMSAVIVB  rvwiR 
VSDEni  B<iUAL  jrOXKB. 


Atkinwrn  A  TemplBiiimn'*  - 
2  Beaver  Meadow,  slope  No.  5 
3 1  Peach  Mountain     • 
4  Forest  Improvement 

6  Basby's  "  Coal  in  Store"    - 
6 -New   York    and   Maryland 

Mining;  Company 

7  Qiiih*8Run 

8  Blo8»bi|rg  -  -  - 

9  NefTs  Cnniberland 

10  Easby  6c  Smith's   - 

1 1  Beaver  Meadow,  slope  No.  3 

12  Beaver  Meadow,  (navy  yard) 

13  Mixture,  l-6th  Cumberland 
and  4*5th8  Beaver  Meadow 

U  Leh^      - 

15  Lycoming  Creek     - 

16  Cambria  County    ** 

17  Mirture,  l-5th  Midlot'n  and 
4«5tliB  Beaver  Meadow    - 

18  Barr's  Deep  Run    - 

19  Lackawanna 

20  Karthaus  - 
*2[   Dauphin  and  Susquehanna 

22  Lyken's  Valley       - 

23  Pictou,  (New  York) 

24  Midlothian,  aver.ige 

25  Crouch  &  Snead's  - 

26  Newcastle  -  -  - 

27  Midlothian,  (900  feet  shaft) 

28  Midlothian,  *♦  new  shaft"   - 

29  Pictou,  (Cunard's) 
Chesterfield  Mining  Co.'s   - 
Mid1ot)iian,  (screened) 
Natural  coke 
Creek  Company's  - 
Pittsburg   -  •  - 
Sidney       -            .            - 
liiverpool  •            -            » 
Scotc^       ... 
Tippecanoe 

2®  J  39  Canndton,  (la.)    -  -| 

?*  440  O!ove<  HUl 

*^  Ml  CokeifNeTsCu^iberiaiid 

^13  Coke  of  Midlothian  coal     • 

T    SN  Brtptnewood       - 
42t  Tip^       ^  *^ 

43  Cokl 

44  Coke 
*6|  thy  I. 


Z-it 


524.8 
517.0 
516.9 
513.7 
511.1 
.^05.5 
500.0 

498.5 
494.0 
49:i.3 
486.9 


30 

81 

^32 

^33 

36]  Pift 

371138 


Names,  in  the  «ider  of  the 

KTAPpBATITX  TVWSR   W 
rOMBicSTIBLE  MATTSR. 


.927 
.913 

.911 

.906 
.903 
.893 

.883 

.880 
.8/2 
.871 
.860 

.850 

.815 

.844 

.843 

.835 

.812 

.796 

,792 

.786 

.776 

.766 

.739 

.738 

.726 

.722 

.698 

.692 

.678 

.669 

.663 

.625 

.618 

.616 

.614 

.502 

.499 

.175 


Atkinson  «Sc  Templeman's  • 
Qufo's  Hun 

New   York    and   Maryland 
Mining  Company 
4;  Dauphin  and  Susquehanna 
.51  Easby  &  Smith's   - 
6!  Blofisburg  -  -  - 

7|  Ba«by*8  *«Coal.in-8tc»e''    - 
8'  Peach  Mountain     • 
9  Forest  Improvement 
J  o|  Lyken*8  Valley       -< 
(1|  Lackawanna  -  •- 

12  Lycoming  Creek    - 

13  Neff'R  C^mberiand 

14[  Beaver  Meadow,  slope  No.  5 
16  Beaver  Meadow,  alope  No.  3 
Xatural  coke 

Coke  of  NeiTs  Cumbarland 
Cvoke  of  Midlothian 
Cambria  County     - 
BarT*8  Deep  Run    - 
Mixture,  l-5th  Cumberland 
and  4-5ths  Beaver  Meadow 
Midlothian,  (screened) 
(chesterfield  Mining  Co. 'a  - 
Kartiiaus  -  -  - 

Beaver  Meadow,  (navy  yard) 
Midlothian,  ^'newahalt*'    - 
Midlothian,  (average) 
Crouch  &  Snead*8  - 
Mixture,  1 -5th  Midlot'n  and 
4-5th8  Beaver  Meadow    - 

Pictou,  (Now  York) 

Pictou,  (Cunard's) 

L^igh      -  -  - 

Midlothian,  (900  feet  shaft) 

Crock  Company's  - 

Newcastle  -  -  - 

Pittsbmig  ■>*■ 

Clover  Hill 

Ti]^>ecanoe 

Sidney       -  - 

Liverpool  -  -  - 

Cann^ton,  (la.)    - 

Scotch 

Dry  pine  wood 


o«> 


o  o 


11:62 
11.27 


1.000 
.970 

.965 
.961 
.949 
.943 
.941 
.935 
.930 
.929 
.926 
.923 
.912 
.911 
.900 
.894 
.893 
.890 
.883 
.873 


.836 

.836 

.830 

.829 

.827 

.793 

.790 

.769 

.739 

.738 

.731 

.710 

.666 

.664 

.405 


ib9o 


'    TABIjE  €CI-:^«iitHfuecl. 


[386] 


\ 


lfam£^  m  theorckr  of  iseb- 

IXG. 


1  Dty  pihe-  WO^d       -^ 

2  Liverpool  -  - 

3  Cannelton,  (Indiana) 

4  Newct^Cle  -  -  - 

6  Sidney- 

6  B^etmr  Meadow,  slope  No.  5 

7  Peach  Mountain     - 

8  Fore«t  Improvement 

9  Uhifh       - 

10  Karthaua   -  *  - 

1 1  Atkinson  6l  Templeiuan's  - 

12  BeaverMcadow,  (navy  yard) 

13  Mixture,  1  5th  (Cumberland 

aiid4  5th0  Boaver  Meadow 

14  Pateburg   -  -  - 
16  Easby's  **  Coal  in-8tore"    - 

16  Creek  Company *«  - 

17  Mixture^    l-6tb    Midlothian 

and  4-5th8  Beaver  Meadow 

18  Ladiawanna 

19  Quin'bRun 

20  Chestcrfu'ld    Mining    Com- 

pany'B     -  -  - 

21  Eashy  &  Smith's   - 

22  Tippecanoe 

23j  Cambria.  County    - 

24  Scotch       -  -  - 
25;  Midlothian,  «*new  shaft"    - 

26  Midlothign,  (voeened) 

27  Clover  HiU 

25  Mi(Uothian,  (900  feet  shaft) 

29  Neff'p  Cumberland 

30  Barr*s  Deep  Ron    - 

31  Bloaahvrg  .  ^  . 

32  Bearver  Meadow,  slope  No.  3 

38  Pictou,  (Cunard*8) 

34  Lyken*B  Valley 

35  New   York  and    Maryland 

Mining  Cempany's 

36  Qoko  of  Neff*8  CumbecUnd 

37  Pictou,  (New  York) 

39  Cro«ch  dc  Snead's  - 

•  39  Cumberland,  (navy  yaid)   - 
4ti  Midlotkiao,  (average) 
41  Dai^hi  and  Susquehanna 

•  42  Cckt^of  Midlothian  coal 

43  Lyconf  ng  Creek    - 

44  Natnn^  coke 


Names,  in  Ibedidcr  o^Mms* 


noit  man  •  mnxKCY  to 

F0B3f:  CUWEBB. 


9.07 

9.69 

9.72 

9.75 

10.10 

ll0.26 

!  10.27 

i  10.60 

j  10.70 

10.96 

11.07 

11.20 

11.96 

I'ZM 
13.24 

12.71 
13.34 
t3.37 
14.31 
14.53 
14.83 
16.36 
16.54 
16.92 
18.46 


.568 
.564 

.564 
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''\ 

18' 
19i 
20* 
2l', 


Besver  Meadow,  slope  No.  6 
Forest  Improvement 
Pittsborg    •  -  - 

Beaver  Meadow,  slope  No.  8 
Lehigh       ..  *  - 

Ladcawanna 
Qtdn'tf  Run 
8|  Ettrijy*8  <*  Coal-in-Sbwe"    - 
9>  Bearer  Meadow,  (navy  yiid) 
.10|  Cannelton,  (Indiana) 
•  1 1 1  Liverpool   -  -  - 

12|  Atkinson  dt  Temple^an's  - 
1 3j  Sidney       ... 
14|  Cutabeiknd,  (liavy  yard)   - 
15|  Peadi  Mountain 
Eosby  &  Smith's    * 
Mixture,  l-5th  Cumberland 
and  4-5th8  Boaver  Meadow 
Newcastle  -  -  - 

Lycoming  Creek    - 
Midlodiian,  (screened) 
Bkissburg  -  -  - 

.556  j,22,  Cambria  County     - 
.520  ';23i  Dauphin  and  Susquehanna - 
:2i*  Coke  of  Neff's  Cumberland 
{25*  Karthaus    ... 
[561  Clover  HiU 
27 1  Tippecanoe  -• 

'28  Chesterfield    Mining   Com- 
I    pany's     -  -  . 

'29 1  Midlothian,  **  new  shaft"    - 
•H) ,  Lyken's  Valley        -  •• 

ol   V^rcek  Comimuy's  - 
Midlothian,  (na\-y  yard) 
iVijir's  Cumberland 
Bi^'s  Deep  Run     - 
M  i  Ui:  re,    1  -  5th    Midlothian 
ani  4-.'^thB  Beaver  Meadojpr 
Natural  coke 
Crottfb  &  Snead's  - 
New  Vork    and    Maryland 

Mining  Company's 
Scotch       -  -  . 

Pictou,  <Ncw  York) 
Pictou,  (QnnardV)  -i 

Midlothian^  (900  feet  shaft) 
Midlothian,  (average) 


.519 
.517 
.499 
.491 
.491 
.475 
.471 
.460 
,455 
.450 
.421 
.418 
.412 


:)2 
3a 
34 
35 


136 
|37 


.397 
.378 

.377  jias 

.351  I 
.347    39 


.340 
.308 
.306 
.298 
.273 


|40 
tl 
2 
43 


44  Coke  #f  MidV>thian  coal 


.» 


C38S] 
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TABLE  CCI— Gontinued, 


^ 


1 

3 

4 


6 

7 

8 

9 

10 

II 

It 

la 

14 
15 
(6 
17 
18 
19 

to 

21 
32 

23 
21 

.  25 
26 
27 
28 
29 
3(1 
31 
32 

33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 


Namw  of  ooaIi,  in  te  order 

of  MAXniUM  KTAPOBATITB 
POWSKURDBROITXlf 


BULKS.  Zg« 


Peach  Mountain     - 

Forest  Improvement 

Atkinson  &  Templeman's  - 

Beaver  Meadow*  slope  No.  6 

Ncflf  York  and  Maryland 
Mining  Company 

Eaaby's  •  ♦  Coal  in  Store"    - 

NefiTs  Cumberland 

Beaver  Meadow,  slope  No.  8 

Blofisburg  -  .  • 

Quin*8  Run 

Easby  &  Smith's    - 

Mixture,  l-5ih  Cumberland 
and  4-5ths  Bearer  Meadow 

Lehigh       -  .  - 

Karthauji    -  •  - 

Cambria  County    - 

Lyeoming  Creek    • 

Beaver  Meadow,  (navy  yard) 

Lackawanna 

Lykoij's  Valley 

Barr'8  Deep  Run    - 

Dauphin  and   Susquehanna 

Mixture,  1  5th  Midlothian 
and  4>dth8  Beaver  Meadow 

Pictou,  (New  York) 

Crouch  <&  Snead*s  - 

Miillolhian,  (average) 

Newcastle  -  -  - 

Midlothian,  (900  ibet  shaft) 

Midlothian,  screened 

Creek  Company's  - 

Pictou,  (Cunard's) 

Midlothian,  **  new  shaft*'   - 

Chesterfield  Mining  Com- 
pany'*     -  -  - 

Liverpool  -  -  - 

Natural  qoke 

Tippecanoe 

Sidney       -  -  - 

Pittsburg   -  -  - 

Scotch 

Cannelton,  (Indiana) 

Clover  HUl 

Coke  of  Nefi^s  Cumberlind 

Coke  of  Midlothian  coal 

Dry  pine  wood 


A8L8 
677.6 
673.3 
672.9 

646.0 
536.6 
632.3 
626.6 
622.6 
518.1 
616.7 

616.6 
616.4 
512  9 
609.1 
6052 
602.6 
493.0 
489.2 
488.7 
486.4 

482.3 

478.7 

463.2 

491.63 

453.9 

446.2 

438.4 

435.0 

427.d 

424.2 

4S2.8 
4:1.2 
W7.9 
381.8 
386.1 
384.1 
369.1 
360.0 
369.3 
284.0 
282.6 
98.6 


1.000 
.994 
.986 
.986 

.941 
.921 
.916 
.906 
.899 
.892 
.889 

.887 
.887 
.882 
.876 
.869 
.866 
848 
.842 
.841 
.837 

.830 
.834 
.797 
.794 
.781 
.768 
.754 
.748 
.736 
.730 

.727 
.707 
.702 
.674 
.664 
.661 
.63.') 
.619 
.618 
.48H 
.486 
.170 


Names,  in  the  order  el*  max- 
im ox  BsriMTY  or 

OBATIO*. 


I 


2 

3 

4 

6 

6 

7 

8 

9 

10 

11 

12 

M3 

14 


Chesterftflld  Miaing  Com- 
pany's    -  -  - 

BkiMuurg  •  >  - 

Creek  Company's  - 

Pictou,  (Canard's) 

Peach  Mountain     - 

EasW  A  Smith's   - 

Nefl^s  Cumberland 

Tippecanoe 

Cambria  County    - 

liverpool  -  -  - 

Scotch       -  .  - 

Karthaus    -  -  . 

Atkinson  dc  Templeman's  - 

Newcastle  -  .  - 

liW  Midlothian,  (000  feet  riiaft) 
1$  Cannelton,  (Indiana) 

Coke  of  Midlothian  ooal 

Lehigh       -  ^       - 

Forest  Improvement 

Midlothian,  *<  new  shaft"    - 

Lackawanna 

Coke  of  Neflfs  Cumberland 

Dauphin  and  Susquehanna 

Sidney       -  -  - 

Pictou,  (New  York) 

Midlothian,  screeneu 

Quin's  Run 


17 

'8. 

19 

CO 

21 

^2 

23 

24 

25 

26 

27 

28 

29 

30 

31 

.32 

33 
M 
35 

36 


37 
38 
39 
40 
41 
421 


Beaver  Meadow,  slope  No.  6 
Barr's  Deep  Run    - 
Lyken*8  Valley 
Lycoming  Creek    - 
Mixed,  Beaver  Meadow  and 

Cumberland 
Beaver  Meadow,  slope  No.  3 
Natural  coke 
Mixed.  Beaver  Meadow  and 

Midlothian 
New   York   and    Maryland 

Mining  Company 
Easb/s  <*Coil-in-Stora' 
Crouch  d&  Snoad's  • 
Midlothian,  (avorage) 
Beaver  Meadow,  (navy  yard) 
Clover  HiU 
Pittsburg  - 


..»» 


111 


19.33 

19.28 

18.98 

1796 

17.44 

17.14 

16  96 

16.94 

16.77 

16.69 

16.42 

16.31 

16.06 

16.01 

16.93 

16.^6 

16.60 

16.33 

16.28 

16.12 

16.08 

14.91 

14.82 

14.79 

14  64 

14.12 

14.05 

13.96 

18.93 

13.76 

13.66 


I.OOO 
.996 
.981 
.928 
.901 
.886 
.877 
.876 
.867 
.867 
.847 
.843 
.8^8 
.827 
.823 
.804 
.801 
.792 
.790 
.781 
.779 
.770 
.766 
.764 
.751 
.730 
.726 
.722 
.720 
.711 
.706 


13..'>6 

.701 

13.47 

.696 

13.31 

.688 

13.22 

.683 

13.10 

.677 

12.73 

.658 

12.29 

.63» 

12  16 

.628 

11.14 

.676 

1048 

.642 

10.00 

.617 
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The  tables  last  preaenied,  comaiomg^Jir^/y  a  general  »yn6ptical  view  of 
the -character  and  elficiency  of  ihe  several  coals,  and,  secondly  ^^  number  of 
distinct  classifications  in  reference  (o  different  characters  considered  to  be 
of  ilie  most  practical  inn|K>rtanc6,  and  based^  in  every  instance,  on  the  mw 
xnerical  resuiis  of  experiment,  will,  i  trust,  be  found  highly  serviceable  in 
guiding  those  whose  duty  it  may  be  to  make  choice  of  fuel  for  the  naval 
or  other  public  service,  to  the  selection  of  such  as  will  aBswer  the  specific 
object  for  which  they  may  be  procured. 

In  applying  (he  table  of  ranks,  it  will  readily  be  understood  that,  where 
any  given  rank  is  determined  by  a  series.of  numbers  (on  the  right  of  the 
names)  tn^rea^m^  downwards,  the  number  at  the  top  is  used  as  a  dividend, 
to  be  divided  by  each  of  those  below  it;  and  that,  on  the  contrary,  where 
the  rank  is  decided  by  a  aeries  c/immt^AtTi^  downwards,  the  number  at  the 
top^beeomes  a  divisor  for  each  of  those  below  it:  and  in  both  cases,  the 
quotients  become  series  of  decimals,  expressive  of  the  relative  values  of 
the  coals  against  whidi  they  stand,  as  compared  with  that  occupying  the 
#        head  of  the  list  taken  as  unity. 

If  an  equal  importance  could  be  attached  to  every  one  of  the  qualities 
of  coals  which  form  the  bases  of  the  ten  ranks  above*  given,  then  the  Mum 
of  the  ratios  or  relative  values  found  in  the:  last  columns  would,  for  any 
sample,  give  nearly  its  true  relative  value  in  the  market.  Such  equality 
does  not,  however,  exist.  Nor  is  it  easy  to  assign  the  exact  relative  weight 
or  importanceof  the  several  qualities  indicated.  For  different  purposes 
they  must  be  differently  estiutated.  Thus,  when  sold  by  weight  and  used 
on  shore,  the  weight  per  cubic  foot,  as  given  in  the  first  rank,  is  a  point  of 
little  moment*  Sipace  for  stowage  is  easily  obtained.  But  in  sleam  navi- 
gation, bulk,  as  well  as  weight,  demand  attention;  and  a  difference  of 
twenty  per  cent,  yfYnch  experiment  shows  to  exist  between  the  highest 
and  the  lowest  average  weight  of  a  cubic  foot  of  different  coals,  assumes 
a  value  of  no  little  magnitude. 

For  the  purposes  of  steam  navigation,  therefore,  the  rank  most  import 
tant  to  be  considered  is  the  fifill;,  in  which  the  names  of  coals  stand  in  the 
order  of  their  evaporative  power,  under  given  bulks.  I'his  is  obviously 
true,  since,  if  other  things  be  equal,  the  length  of  a  voyage  must  depend  on 
\  the  amount  of  evaporative  power  afforded  by  the  fuel  which  can  be  stowed 
in  the  bunkers  of  a  steamer,  always  of  limited  capacity.    . 

With  the  scale  of  values  under  equal  balks  must,  however,  be  combined 
those  in  the  eighth  and  tenth  ranks,  the  former  showing  the  relative  freer 
dam  from  clinker^  and  the  latter  the  maximum  rapidity  of  actioti  of  the 
several  samples.  The  rapidity  of  ignition^  given  in  the  second  rank,  is  of 
inferior  importance,  but  may  deserve  some  consideration  where  short  voy- 
ages, frequent  stoppages,  and  a  prompt  ccimmencement  of  action,  are 
demanded. 

In  relation  to  the  10th  rank — that  founded  on  maximum  rapidity  of 
evaporation-^it  should  be  observed,  that,  though  in  this,  as  in  all  other 
cases,  the  actually  observed  rate  of  action  is  inserted  in  the  table,  yet  that 
the  few  samples  which  were  in  every  experimel^  burned  with  a  chimney 
only  41  feet  high,  instead  of  63  feet,  (which  was  its  height  after  the  27th 
of  May,)  ought  to  have  the  numbers  showing  the  evaporation  per  hour  in 
cubic  feet  increased  nearly  in  proportion  to  the  increased  height  of  chimney. 
Samples  numbered  32,  3$,  39, 40,  and  41,  in  that  rank,  are  those  to  which 
this  remark  more  particularly  applies. 
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As  eray  sample  of  coal  bus  been  alloiired  a  fair  oppoTtumty^  to-oxhftit 
its  own  disiinctive  eharaeter,  it  would  bo  >usele$s  to  attonapt  ta  iittbstitttCe' 
for  the  results  of  practical  experiments,  on  Buch  a  scale  as  is  heie  presented, 
any  mete  opinions  or  conjectures  <leF!ved  from  obserTEtbRS  madd  at  ran-^ 
dom,  with  no  standards  of  time,  weighty  or- >  magnitude;  oref^n  any  the^ 
retieal  conclusions  drawn  from  tests,  however  skilfully  applied*  merely  to 
single  hand  specimens.  It  has  been  my  aim  in  all  these  Researches  4ot  avoid 
matters  extraneous  to  the  experiments  themselves  and  lo  theilr  legitimate 
interpretation.  It  has  not  been  deemed  expedient  to  swell  this  report  bj^ 
the  introduction  of  matters  not  within  my  own  eognizanoe.^ 

The  numerous  certificates  and  declarations  which,  either 4n  the  form  of 
reports,  or  other  published  articles,  have  from  time  to  time  been  put  forth 
in  regard  to  certain  coals,  may  in  some  instanees  be  entiti^to  considera- 
tion, as  evidences  of  their  sup6frior  worth;  in  others,  of  a  commendable  in-^ 
dustry  and  energy  on  the  part  of  the  proprietors^  agents,  directors  of  com« 
panics,  and  others  interested  in  their  development  and*  use.  If  ttmse  com^ 
mendations  have  not  in  every  instance  been  entirely  justified^  it  is  perhaps 
to  be  taken  as  a  new  evidence  that  in  this,  as  in  many  other  important 
matters,  those  merits  which  have  not  been  the  most  loudly  pvo^lalmed  may, 
upon  due  examinatiouj^  be  found  among  the  most  68t)miaMe>  and  the  most 
enduring. 

It  will  tiot  fail  to  be  remarked,  that  the  jusily  celebrated*  foreign  bitumi- 
nous coals  of  Newcastle,  Liverpool,  Scotland,  Pictou,  and  Sidney-^coals 
which  constitute  the  present  reliance  of  the  great  lines  of  Atlanticsteamer^-^ 
are  fully  equalled,  or  rather  surpassed  in  strength,  by  the  analogous  coals 
of  eastern  Virginia;  that  they  are  decidedly  surpassed  by  all  the  free- 
bui^ing  coals  of  Maryland  and  Peunsylvatiia;  and  that  an  equally  decided 
advantage  in  steam-generating  power  is  enjoyed  by  the  anthracites  over 
tho:foreign  coals  tri^,  whether  we  consider  them  under  equal  weights  or 
equal  bulks. 

Experiment  appears  to  demonstrate  that,  for  the  purposes  of. rflrj^trf  evap- 
oration, and  for  the  production  of  illuminatiiig  gas,  the  coal  of  Indiana, 
thotvgh  neither  very  heavy  nor  very  durable,  is  inferior  to  none  of  the  highly 
bitaminous  class  to  which  it  belongs;  since  in  heating  power,  and*in  free- 
dom-flrom  impurity,  it  surpasses  the  splint  and  cannel  coal  of  Scotland. 

Apprized  of  the  strong  desire  felt  by  the  tiepartment  to  be  in  possession 
of  the  results  of  these  inquiries,  I  have  spared  no  effort  to  bring  them  to  aa 
earty  conclusion,  though  satisfied  that  in  doing  so  the  researches  cannot  bo 
conmdered  complete. 

One  of  the  important  points  which  it  would  be  desirable  further  to  inves- 
tigate, is  the  proportion  of  sulphur;  which,  it  will  be  seen  by  the  several 
synoptical  tables,  was  only  tested  on  single  specimens,  for  a  part  of  the 
series.  This  is  a  labor  of  time,  which,  for  reasons  already  assigned,  is  un* 
avoidably  left  incomplete. 

Another  point  of  practical  importance  is  the  composition  of  the  earthy 
matter,'or  ashes,  of  each  coal.  On  the  investigation  of  this*  it  was  not  found 
practicable  even  to  enter.    It  is  of  no  inconsiderable  interest,  in  relation  to 


•  For  an  account  of  numerous  results  obtained  by  Dr.  Dana,  Mr.  Pmncis,  Mr.  Haycfl,  and 
otherB,  in  relation  to  this  subject,  by  means  analogous  to  those  which  have  txjcn  here  employed,  I 
would  regpertfully  refer  to  a  paper  on  tlic  evaporative  power  of  coals  in  the  99ooiid  Bulletin  of  th0 
National  Institute,  (February,  1842,)  page  165. 
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the  metaNargk  arts  to  which  ooal  is  3f>pKcabIe;  In  lieti  of  arif  resimmhe? 
on  l4m  Babject  upoa  the  Mmples  of  coal  here  reported » I  beg:  teare  to  add 
a  series  #f  anaiymi  of  ihts  nature,  \rbieh  h  made  srome  years  since.  They 
are  chiefly  the  ashes  of  anthracites.  One  happens,  hove^rer^  to  hare  com^ 
from  the  same  mines  which  furnished  one  of  the  samples  of  bituminous 
coal  examined  in  this  report. 

TABLE  CCIL 

ComporiHon  and  character  of  ashes  from  several  veuitties  4{fcoaL 


Per  oentage  of  aahes 

in  thecoal 
Color 

Silica  HI 
Ahimina 
Peroxide  of 'i]V>ii 
Ijiin* 

Magnaaa     - 
Oxide  of'SioiigaBeae 
LoflSy  per  cent 


I  cannot  by  any  means  regard  the  invesHiation  of  American  coals  v^ 
an  exhausted  subject. 

A  elauce  at  any  good  geological  map  of  the  Uaited  States,  in  which  the 
coal  fields  are  laid  down,  will  show  how  exceedingly  limited  is  the  whole 
amount  of  space  covered  by  the  several  detaclie<  coal  troughs  from  which 
the  samples  here  presented  were  derived,  compaied  with  the  immense  ex- 
tent of  that  formation  which  covers  western  Pennsylvania  and  Virginia, 
eastern  Ohio,  the  eastern  part  of  Ktmtucky,  a  part  of  middle  Tennessee, 
and  an  undefined  portion  of  Alabama;  and  much  niore  when  compared 
•with  the  vast  tracts  of  coal  country  in  Illinois,  lowi,  Missouri,  Arkansas, 
and  a  considerable  portion  of  Michigan. 

The  surprising  extension  of  steam  navigation  on  the  western  rivers  and 
the  northwestern  lakes,  as  well  as  on  the  gulf  of  Mexico  and  the  adjacent 
seas,  the  increase  of  population,  and  the  consequent  cleating  of  woodlands, 
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all  point  significantly  to  a  necessity  whMi  must  he  fell,  st  no  distant  day,  to 
have  recourse  to  mineral  fuel  for  supplying  this  rapidly  increasing  demand. 

To  understand  the  relative  strengthr  and  usefulness  of  the  coais  from  the 
several  parts  of  the  three  great  western  coal  regions,  requires  that  they  ba 
examined  with  no  less  care  than  has  been  applied  to  tlie  limited  spaces 
from  which  were  derived  the  materials  operated  on  during  these  experi- 
ments. It  may  be  a^ded,  that  the  products  of  many  coal  districts  eaed  of 
the  Allegany  mountains  are  yet  unexamined. 

If  in  any  case  knowledge  U  power y  it  is  pre-eminently  so  when  it  relates 
to  a  subject  which  constitutes  the  greatestr element  of  power  in  the  physical 
world,  and  in  the  present  age  of  marvellous  developments. 

I  cannot  conclude  this  report  without  again  bearing  testimony  to  the  effi- 
cient aid  which  the  industry  and  intelligence  of  my  principal  assistant  and 
co-laborator^Dr.  Henry  King, has  rendered  in  carrying  out  my  views  in  the 
arrangement  and  computation  of  many  of  the  tables  accompanying  this  re- 
port. To  his  perseverance,  with  that  of  another  assistant,  Mr.  S.  W.  Hall, 
do  I  owe  the  application  of  the  formulas  which  I  bad  prepared  for  ascer-  % 

taining  the  mean  pressures,  of  steam  during  every  day's  experimenting, 
and  also  of  those  for  computing  the  table  of  experiments  on  the  composition 
and  heat-absorbing  powers  of  the  gases  of  the  chimney.  The  labor  of 
these  and  similar  computations,  even  with  all  the  aid  which  mathematical 
tables  jBifford,  is  exceedingly  arduous,  and  requires  the  utmost  vigilance  to 
avoid  error.  It  is,  perhaps,  loo  much  to  hope  that  no  inaccuracy  what- 
ever has  occurred  in  theirapplicationsof  these  formulas, embracing, as  they 
necessarily  do^  numerous  classes  of  elements.  But  as  every  examiner  of 
the  work  will  have  all  the  data  before  him,  mere  numerical  errors,  should 
such  occur,  can  be  readily  discovered  and  corrected.*  * 

In  the  hope  that  the  results  now  offered  for  your  acceptance  will  be  found 
serviceable  to  the  important  arm  of  national  defences  committed  to  your 
charge,  and  to  jnsftify  the  favorable  views  of  the  enlightened  and  lamented 
statesmant  under  whose  immediate  auspices  they  were  commenced,  I  have 
now  the  honor  to  submit  them  to  your  hands,  with  the  assurance  that  I 
remain^  with  great  respect,  your  obedient  servant, 

WALTER  H.  JOHNSON. 

Washington,  June  3,  1»44.  ^ 


*  It  is  due  to  two  other  ai»ist«nt«  to  8tat«  that  the  records  of  nearly  all  the  ohservations  od  eTapo- 
Tati^^  power  were  made  by  Mr.  James  W.  Kendall,  by  whom  also,  much  aid  was  rendered  in  pre- 
pari  g  g  the  tables,  and  making  the  calculadons  necessary  to  form  the  deductions  accompanying  this 
rq>ort;  and  that  the  duties  of  superintcndng  the  supply  of  wat^  during  the  experiments,  the  dry- 
ing of  samples  of  coal,  of  making  obsenations  on  the  temperature  of  water  in  the  supplying  renr- 
Toir,  aad  of  steam  in  the  boiler,  were  rommitled  to  Captain  Thomas  8.  Easton.  The  dotiea  of 
Iwth  these  assistants  were  perft>rmed  wih  a  ze^  coostancy,  and  fidelity,  meriting  high  approbttioii. 

f  The  late  Hon.  Abel  P.  Upshur,  then  Secretary  of  the  Navy. 
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